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ABSTRACT

CONTACT LENSES: AN EVALUATION STUDY

OBJECT

A comparative study of four types of contact leises &W spectacles
to determine the relative merit of each. &ad the"& to acertain the
feasibility of usingthem for salectadmembers of the Armed Forces.

RESULTS AND CONCLUSIONS

A ntumber oi laborstoryand tield studies were conducted and tests
were made to differentiatebetwoten the contact lens designs studied.
and between these lenses and spectacles.

The four contact lens types studied were:

I. A F'eetic fluid corneal-scleral design.

2. A plastic corneal design.

3. A plastic ventilated fluidleso corneal-scleral design.

4. A glass ventilated flu dless corneal-scleral design.

The study revealed that contact lenses ha,, certa'n advantages
in general military field activities buat are not particularly superior
in perfomrnance to spectacles when used for routine and clerical work.
Contact lenses would be e6pecially advantageous for uLe in anclen ent
weather, Arctic duty, vwxinmming, and violent activity. Cori-eal
clouding is no !onger a prolern with the newer designs.
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It We. &AwIuded tk*4 S vemmed I*&*d.s cueeal-sclea ile tLmo .Jil
permet free flew d useat t1wd &W aeeraIm of a m ,.. w upsr orr
to odwr dssaWpe. In ob. proesAt Statue d les coatructbon. mneither *8r
gla.. iwr pla.tc was m oemed h ,•r for fabr".akto. ~h ".a s its 0
iiliv Oteal edvb. gjo. anl da~adva, taps~.

r m"sd cmwApt Is" LIL4f tame. ctt •ad related problems as
well esathe secesety ose tadsvdua&l movkv&v m requi•ed prior to litting,
rprepsent the mcnotr tmpedineoLU to gomral uwlisatioa of toutact Pct
leoes. I

R ECOMME• NA TION'S

A. Saidy should be encouraged to •mprove th fittteagteckeuae sad
thereby simplify it and reouce the time required.

D. A taclaique for hbardeiag or coating plastic with silicon or lik elk
suabstce to l•ollaale the necessity for wetting agents would be of
tremendous vdauoe and twdAis aloag these lume should be emcourqed. ed.

C. The auwber oL uuinviduals sk•lled ithe technique of fitting the ithe
newer types of ceiact Ilease to extremely limited. and if the Army ImY
&ccapt, lMem. a lam:d arn ber of lons term peraosm! should be Jbe
schooled to dotbe fittings. Shousd h d,•o':, d increase, these traied bad
individuals cou serve a as • nc orls fo th, training oa additional fitters. kX .

V. Contact lenses can be recommended for:

I. i-w. unnal who are ex-vemely valuable to the ArmedForces Fea
beca•se of thei. dull. training. and experience and whose visual acuity, OY,
with the us"a '-'sural aide. is not adequate to meet the requirements btis
but may be with contac' lenses. Such eye coaditions as high myopia, 6.
high astigmatisi i, rregul4r antigmiatum, corneal lcukoimats, kerato-
conuoi !paa tc., are frq~tyaautcycoriwuitd wiihcounuact c
Itasca..

2. Anotl er group who might be retained or made Lvailable on on
the basis of adsliatc correction with contact lenses but are otherwise Iss
lost to ths sery- :-t are these with injuries to hie face and lids that hat
result LU lagophtl a)nvs. .ctropian. cot neal exposure, etc.
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3. 5.ro41 •r~q~ara visaul cor rsct~imetm'oee talei4 ffciencv

might be sah&ACe gre6kty U ctant le"&I&s were subs Waned for spe, ta.
Cles. Dim to She asmy timatat&A. of rtact lea.. they should bt
remsytsesd to emesIaauaa tindtvdals or *etustome such as Arctic duty
d4vers. "- rognon'°. etc.
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CONTACT LLlI$LS. ANd EVALUATION STUDY

1. INTRODUCTION

The *)sctrli tt!spro~ect~va* to make a comparative study of four
t)Vaesof contact .&cAase" spectacles to determine the relative werit
of ea.h and thence tca..cgataintha feaslbtlity ofusing them for selected4
members at than Armed Forces..

The potential adv&Atages at con.tact lenses to military personnel
would appear to be numerouas it such lensee proved practical. Tbe
possibla ut3ihza,4on by the Armcd Forces ot large numbers of man
previoausly dsqualdied or an a limited duty status served as one reason
for undertaling tdie study. lFurthermore, men who ordinarily wear
spectacles conuld perform better wusmclement weatamr, and participate
in it. idduticeprevzomaly considered impractical. The danger of lost, ~*
broken, or fogged spectacles might be elimianated. IAght ref loctions
fromt spectacles., which may reveal positions to the enemy, could bew
eradiLated. The problem c1 using spectacles with sighting equipment
as weili as the use. of inserts in gas masks might. well be simplified.
Cont~act lenses themselveaa offer numerous advantages ini increasing
the visual field. elimination of corneal astigmatism. etc.

Aniong the disadvantages to be considered would be the expe-ase.
fitting and adaptatior. !:ime, the development of corneal has* and the
resultant subjective fogging of vision aaid chromatic halo, variable
talcrance and photophobia, oc.ular irritainon etc- However, in view W

Of recent advances in design and manufacture, the potentialities of O
contact lenses hP.vt deemed a etudy sut~h as this dvisabl~'.

U. EXPERIMENTAL PROCEDURE

The problem has been approached from two aspects. First, one
contact lens typr was evaliUMW agaiflsi at~ -- nhc-, '- a *5Mdaroico-. cotac,

lenses werc compared in performance with spectacles. Four types is
of contact. lenses were selected for thiis study.

roe lenises and epccticles were fitted to ten selected enlisted men In
who were vubjected t.) a teriei of tests, both in the laboratory and in I
the field.

The laboratory tests included subjective anvd objcrtive measure - I

ments of halo br~ghtnrms& And time, t orn~cal turbidity, entoptic fietds
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color vision. visual acuity and tolerance to light at %litterent level eIvule
of target and surround iumisnaton. depth perception, binocular vision Ision
end fiwavu tests, dark adaptation, and clinical appearance of the eye. eye.

Attempts -&.-:, made to duplicate moat of the possible situationt &tiona
that a military ms,.a might encounter us routine life &ad * the field of lid of
bat9le. Included in t&es were kitchen police. guard duty, artillery 1Aery
&ad small weapons firing. tankdriving, parachute jumping, swimming. Ming.
etc. The lenses were tested under clbmatsc extremes in the hot and I aAd
cold rooms of the laboratory. %nd at simulated high altitude in the lc.* le...
pressure chambers at the Wright-Patterson Air Force base.

A. Subjects

Ten enlistsl volunteer soldiers were selected to serve as sub- sub-
jects. They were chosen pruiarily tor their diversified refractive octive
errors, secondary consi.ierution being intenligene and personality. "lity.
Table I showq the age. visual acuity, and cyaloplegic refractions of $4 of
the subjects. Each subject was fitted with spectacles and the four Ifour
types of contact lenses.

B. Lenses

The selection of the particular contact Lenses to be studied was L was
difficult. For obvious reasons, it was impossible to study the hundreds aeeds
of variations of lenses ior which patents are held. An attempt was 1 was
made to select lonses that represent variois principles of design aud S and
fittirg. The w-rk of Smelser (I) and Finkeloteivn (Z) servedas a valu- Valu-
able guide.

1. The conventional fluid type plastic lens was chosen as one one
lens to be studied since it represents one of the pioneers in the field field
and most of the experimental work has been concerned with this lens. Lens,

The lens was fitted to the subj.zcts by the molding technique 3 ique
at the Obrig Laboratories in New York. The lens is constructed with with
three principle curvatures, i.e. , optic or corneal, limbal cl*tarance. 3 ace,
and haptic or scer-al (Fig. 11. The time required for the fitting of is of
the ten oubjects averaged three hours and thiry-three mint.tes in a in a
total of four visits (Fig. 2).

The solution used with this lens was I1-1/% aodium bicar- icar-
bonate (USP) (Z,3) madefre6h dailywith triple distilled water. Sinc• lince
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the )enses are plastic, a wetting agcnt in requircd. A %olution of 1/2%.
methvy cellulose &ad Zephitan (Benzalkoa•im Chloride) was used.

Z. The cornal elastic lens was included in the study becae•ase
of its remendout surge of popularity in recent years, as well as for for

itsasuplicityo' desegnand relativeease of fitting. Mr. Kevin Tuohy. lY.
of Solex Laborato.ies. originator of thia ksarticular design. did the %*
fitting. The lens has a bevelled edge corneal portion (Fig. 1). The he
fa•ttng is based upon .phthalmomeetr readings. corneal size, and lid VA
aperture. The taime required for the fitting of this lens to the ten an
subject. averaaged two hours irai fifty-five minutes in a total of five IV*
visits (Fig. Z).

The lens must be moistened with a wetting augeert before ire
insertion, but otherwise no fluid is required other than the natural ral
tears, T' wetting agent employed was a solution containing 1/2%•
methyl cellulose and Zophiran.

3. The fluidless glass ventilated lens, designedby Dr. Josef / .
Dallos of London, England. was used as an example of a glass pre-
cision fitted lens. This is a minimum clearance lens which utilizes
a capillary layer of ttar. as its lubricating solution (Fig. I). It is a S a
large diameter lans thathas little rotation with ocular version. There
are two principle curves, optic and haptic, and a small limbal clear- 4"

ance. A small circuar vent about I mm. in diameter is placed at at
the limbus, ,,'ually just below the midline or. the temporal side. The
location of the vent. however, ts varics so as to allow proper aera-
%;-;= of the cornea. Extreme care and exlprience are required in the
fitting of this le4as. as there must be & constantly changing air bubble
present thai rrvstnot interfere with viision. There can be no corneal a
or lianbal pressure. In the fitting of this lens, Dr. Dallos Ira'd' ..
from a collection of some Lhree thousand shells, and by trial and
error selects a lenb upproxirmating that desired and then by grinling ri
ight ___- bidg 1p o .--.- *.h .. , pr .- -area@ ah h-

fitting process. As the lcnses are glass, andthere is conutantdanger I
of breakage, he rrakeP repeated plast• raAnd brass molds as the fitting
proceeds. When the t seemas satisfactory. .A limbal hole is drilled- 4.
Several trials may Ut necessary to assure proper powitioning of the
air bubblz. The fitting time averaged about nineteen hours in a tote-,
of twenty-eight Yisits (Fig. Z.)

Since theme lenses are made of glass, a wetting agent is is
not required. The lahnes are 4imply washed with wit-r as pl,,-, ,ed

3 
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in the eye. nh natural tear fluid fill@ the *pa&ct tet¢*Gi the lells and la
the cornea. leavingua bubble the saes of which varies with the rotations p
of the CIV.

4. Aflu,.dhlssplastlcvntilatedlens was selectedasthefourth
leoe for this satdy. This lens is made commercially under the name
of "Laacrilens" by the Obrig Laboratories of New York. This is a
molded plastic lens made from a casting of the eye (Fig. 1). A notch
is made in the leas Wferiorlywhicb e.mnds Lromthe periphery., the IS
haptic to the Ijusbal r.ro inlthe six o'clockmeridaan. The notch. noer-
ally is :overed by the lower lid except when the eye. axe directed tup- -"
ward. It necessitates frequent upward rotation of the eye to permit 91t
dra.inage of tear fluid ad fot aeration of the cornea. When the eyes
are in say position oter than upward rotation, the bubble should be
minimal and the area between the lone and the cornea almost completely Ay
filled with tear luid. There are three principal curvaturee in this
lens, a. e. . optic. limbal clearance, and hapic. Fitting time for the fie
ten tubjects averaged eight bours and forty-five minutes in a total of ,O
eleven visits (Fig. 2).

S. Standard army iSsue sapctacles were used in this study,
These are toricground "ful-vue" shaped lanass set in either nichrome.
gold, or clear plastic "ful -vue" frames. Prescription was determined
by cyclopleepc and post-cycloplegic refraction.

C. Test Protran.

A program of testing wag established to covsi bothfield and Od
laboratory work. The field tests were arrangedwith the intent of ex-
posing the - oj."-p o as many of the conditions as poosible OLat are
eacountered in ro~stinr army life and on the fieLd of batile. &iaca four
contact lenses and spectacles weit. to be compared in performance,
the program was divided into five cyclea. To be assured that cach

the ten subjccts were divided into group. of two, each pair wearing a
different lens (Table Z). Whenever possible, equipment for testing 4
was carried into the field- This, howrver, was freqtentlyimpractia.al M
and the fieldoboervatinns wore confined to the subjective reactions of
the individual subjects.

The subjects joined with bamic training units at Fort Knox for
exercises that necessitated &Lute vision, physical strain, and ex-
posure to the elements. They performed such exereises as tank
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dziving *day and night). ifle and machine Sun firing. infiltratiou and
close combat. bajd -to-hand combat. etc. Performance win checked Rd

while wearineg gas waks. wlule swimming. and while on guard duty Ity
a&d kitchen police. To observe the effect of the jolt of an opening Mg

parachbut, the facilitics of the mock-up tmaining towerd at Fort rt

Campu. 11. entucl.ywem used. Tests were performed iethe laborato- ito-

ry crailo wsom at -46 - 1shrenheit ad in the hot room at + IZO Fabreuahe it. *it

lI the low pressure caambers at Wrigtt-Patter son Air Force Base LA

ratDayton. Ohio. the effects of a stauLated alttude of twenty thouteaml ad

feetweze tmeted. Tbh effectsofesplosave decoapressaio also were Te

observed.

Each cycle at testing covered apprmidmately two months. A A

typical cycle Is shown below.

March 5-Z4 Adaptation to new Lonses.

24-45 Laboratory studies.

24-Z5 Photometer and adptometer.

26 Halometer, eatoptic field, color, onie foot Lm - km

bert visual acuity, surround and target toler-
ane, phoria.

27 alalometer. entoptic fieLd, color, twelve foot foot

X.aaubert visual scuiLy, surround and target got

tolerance, phorie.

Al lalomoeter. ontotic field. color, one hulndred ired

foot Lambert visual acuity. surroundand target get
tolerar..e, pheria.

31 Gas masks.

;.pril 1-3 Low prgoo-are chamoer mt Wrighn-Paiicrzon -
Air Force Base.

4 Swimmmng.

7-ig Field Tests.

7.8 Tank Driving.

NO 94a



April 9 Combat in towns.

10 Infiltration and close combat.

11 Service firing (tank).

14 Rine transitior.

15 Confidence course and rifle known distance fir-
ing.

16 bndividual tactical training.

17 Browning autoMAtic rifle trans i tlon.

18 Hand-to-hand combat. BAR firing known dia-
%ance.

2I Gimard duty.

ZZ-23 Cold Room (-400 Fahrenheit).

Z4-45 Mock-up paras.ute jump at Fort Campbell.

28 Kitchen police.

29-30 Hot room (+1200 Fahrenheit).

may -?. Laboratoxy studies.

I On.e loot Lambert v'ioual acuity. surround and
target tolerance.

2 ! T e ----4 tm , ,='zd, vis ual

acusty, surou.and &ad iarge' tolerance.

An adaptation period of two weeks seemed adequat for theme
subjects who Orevlouvlyhad become famiihar with esch lens duringthe
fittind period.

After completion o* three cycles an evaluation waa made and
.k seemed vuuiecaussry to repeat all of the field studies. Only those



phases which revealed pertinent findIngs in the first three cycles
were repeated in the last two cycles.

I UI. RE-SULTS AND DISCUSSION -

"A. Jsbor'.ar V Studies

In the laboratory studies several of the instruments devised
by Finkelstein (2) were employed. Considera'ion was given to the
usual aids for ocular testing and those that appeared to have value
for this comparative analysis -eere employed.

1. Halo brightaess and halo time

Until recently, aor,-&=al haze ha. been the major problem
associated with contact lenses. This haze causes a subjective visual-
foggimg and a chromatic halo. The aim of this particular study was
to determine the !;.te of development and the brightness of the chro-
matic halo prcduced by each lens. Several theories have been pre-
vented as the possible cause of th0s diffraction phenomenon. The
must recent work in this field was conducted by FLnkmlstein (Z) who
has designed an instrument to measuse both size and brightness of
the halo. This instrument, known as the Ha•omeler (Fig. 3). contaisa
am a light source an , -4 type sunlamp which is filtered so that the
subject sees an almost monochromatic green light oi bigh intensity
through a small apertare in the instrument. Through a somewhat
larger aperture to the rear of the source. similarly filtered Light
passes through a variable and two fixed polroids and falls upon a
screer, at the re•r of the Halometer. The subject is instructed to
stand at a die.!ance from the apparatus so that the poiat of mazimum
intensity of hii hr.-1appears at a d.stance of V7 cm. from the central
light source. Thir (lls just witlan the comparimcm arc which has an b

iodw~iamu.Itw -"-3 czz. mra -oigulL wiibth Ue rear screen is viewed.
The subject stands at approximately sixteenfeet from the instrument.
By changing the orientation of the variable polaroid the subject makae
a brightoes: mrratch to his halo. The technique employed in this study
wae a slight variation from that used by Finkels*ainin that a standard
halo position was used for all subjects, rather than allowing each
subject tc. pick has own ares of the halo for comparison. Nine read-
ings were take-ahourly after the subject firstobserved the development
of a halo. A mean was. taken and these data were transposcd into
percentages of light transmitted through the polaroid plates. Thus
the results were relative ner sures of halo brighu~ess.

7
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The average intensity of the halo brightness developed Wd

while wearing the fluid lens did not quite equal that reported by by

Finkelstein, but the general pattern was the same. From the graph kph

(Fig. 41, it it apparent that there was a gradual increase in halo IC

brigh~m-,s with wearing time of the iluid lens. Only on rare occasions $31

did measurable hb.Ios develop with the other type lenses. Among Ig
these exceptions werc instances when an isolated individual wearing Lng

or. of the ventilated lenses would have a blockage of the vent by by
mucus or edematous conjunctiva. This was a transient halo that dis- is-

appeared when the obstruction was removed. Transient halos were re

reported by several individuals wearing the ventilated lenses while le

swimming. lu none of these cases were the halos intense enough to to

be measured.

The halo time was defined as the time after lens in- ýn-

sertion when the diffraction pattern associated with corneal hase PC
became sufficiently orgaizised to form a chromatic ring. This was PL

a significant reading and was rather consistent from day to day if I i

conditions were held constant. Thus. for example, in the cold, hot, ?t"

and low pressure rooms, the halo time gave an excellent guide as to ;to

the rate of corneal changes. The instrument used for te detection DA

of halos, hada micro6#;ope itluminating lamp as a light source. This t

device emitted an extremely bright beam of relatively white light bt

through its 10 mm. aperture which was viewed from a point approxi-
mately twenty feet from the source.

Since in many test situatit...s it was impractical to
transport the halometer from the laboratory, it was necessary to ID

limit the test to h,•lo appearance time. The average halo appearance
time under selndard conditions was two hours and fourteen minutes

(Fig. 5). This vi-. icd wit.i climatic extremes. In the cold room, the
average appearance time was delp Ved (tiree hours and nineteen minutes ).
The <',*os apea•--,ed sighty ea-.rr tha.n .normal in Use ' n-o -um tone

hou. and ixity-two minutesp. In the low pressure room, the average
time was two hours and fifteen rminutes.

Under standard conditions. the appearance time and
relative increase in brightness of this diffraction phenomena was quite

constant for the individi:al, although there was some variation between
subjects. The cccavional appea. ance of halos when the vent in the
ventilated lenses becamc obstructed demonstrated the neceshity for

__.___ ____ j



free flow of tear fluid a"d aeration of the cornea (]). The appearanst 'ance
of transient halor while swimming may be ascribed to the low tonicity &city

of the water that circulated under the lens (2).

The earlier appearance of halos in the hot room and an

their delayed formation in the cold room might possibly be explained
by sovae variatio-t& in the'metabolism of the corneal ti sue at different rent

temperatuares.

I,, view of .VW'work of Smetse r (1) it had been anticipated le

that. with the reduca_ oxygen in the low pressure chamber. halos
might have become apparent to individuals wearing contact leases sea
an possibly appeazr•earlier with the flu•id leases. Since no halos 406

appear~ed with the fluidess lenses and there was no change in the th*

development time in the fluid lenes, it must be assumed that there are
was &U14 adequa ,g•yent the simulated altitud" (ZO. 000 ft.)to main- iu

tain normal corneal metablism during the time tested.

2. Corneal1 turbidity

This is a measure of corneal haum development. The '
basic inatrumentation used was an adaptation of a Bausch aad Lomb ab
skit lamp in which b telemicroscope was substatuted to place at the
cornal microscope (Fig. 6). By optically splitting the beam of light ght
enterin the seleticroscop'e, photometric measurements can be wad d
after the operator aligns the intrumnent in its proper positiom This Li

replication of the positiming of the slit of light (the brightness of

wapah is reduced by a 01 neutral density Wratten, filter) upon the eye re

and the tole rnicros cope detector which is set to receive tha light re-
__'Oectl •and scattered by the cornea.

Thi• photoelectric measurement of this light results in 4 •

"a relative measure of corneal haze. The cornea normally reflect.0

a certa-.. an.--v~l -- Hijit and an increase in turbidity causes an in- ."
crease in reflection. Four readingu were talwn hourly throughout
the day and the mean was taken of each net of readings. The photo-

_mlrs._part a the apparatus consists of a Farrand Electron Multiplie. 1'

anda voltage regulator with ballast employed in the slit lamp circuit.
The standardization is accomplished with a specially adapted Macbeth h
munilanoseter.

Certain changes were made in the instrumentation and
technique employed by Finkelstein. A monitoring unit was added
betweer. the slit lamp and the focusing objective. The purpose of this
was to assure a constantamount of light reaching the cornea, where-

9i
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as formerlyonly the electricalproperties were keptconstant. It was fag

found that in order to maintain standard illumination, the amperage sge

had to be changed frequently during the day. The deterioration of .A of

bulb and filauentc&used electricalvariations. Hence the monitoring Ing
unit seemred to be a valuable addition. A piece of plain. clear glass &go

inclined 450 to the ylane of illumination was placed in the apparatus. -as.

This permitted a certain amount of the beam to be reflected vertically ally
and after pasing through a 03 neutral density Wratten filter and a 4 a

small aperture, the light would fall upon a photo-coUl.

The photo-electric monitor circuit (Fig. 7) consists of of

two sectimis, a stabilized high voltage power supply for all but the she
last stage of the 931-Amuitiplier photo-cell used to monitor the light Wht
intensity, and a regulated low voltage power supply and amplifier. or.

The amplifier is a bridged vacuum tube voltmeter. Two 5693 tubes ýes

are used as arms of the bridge, one being operated at a fixed gain as 4 a

a reference and the other tubt controlled from the 931 -A photo-cell. 1ll.

A voltage divider is placed across the output of the 931-A so that the the

unit may be used over a wide ranae of light intensities. A 50 micro- a-

ampere meter is placed between the plates of the two 5693 tUbes to to

indicate the relative intensity within the selected range. The relative Iva

brightness of the beam can be read from a meter in micro-amperes ke

Another change in technique was the use of a standard

chin rest rather than tie molded bite plate employed by Fintelstein. In.

It was found that ft was possible to replicate the findings and speed sod

up the testing with this simplifica&tion. This allowed for one setting
of the instrumert and allowed freer manipulation of subjects.

Tine ob'jective observation of corneal scatter as measured Wed

on the modified slit lamp photometer revealed very minimal changes Be

with all contact lenses for the tame tested except the fluid type lens on5

(Fig. 5). The corneal scatter increased with the -time the luid lens 'am

was worn. Finkelitein ran similar studies or; the iluid and corneal gal

leaves (2), with approximately the same results. He also demonstrated ted

that normally no change in corneal scatte- occurred when no contact lact

lInses were worn.

The photometer reading is a composite P! if tht reflected cted

by the corneal optical surfaces and light scattered b 1 opaque or semi- mii-

opaque bodies within the cornea. Thus normally P. certain amount of t of

light ts measured byth, photometer. With the dý velopment of c4aeeal "&I

hasa the cornea becomes more translucent and the amount o light ight

10



scattered and reflected by an increasing number of relatively opaqule

bodies increases. Consequently there is a good correlation between
corneal haze and corneal scatter. Therefore, it can be assumed that
no measurable corneal hase developed under normal conditions except
when the fluid lenses were worn. The wearing of the fluid lens pro-
duced a -,-adual incraame in corneal scatter with corneal hase.

3. Visual acuity

,,i was noticed during the pilot studies, while testing sub-

jects manifesting corneal haze, that a difference existed between the

vision recorded in a sewi-darlwned test room and the aparently
poorer vision noticed shortly afterward in the brightly illuminated
laboratory. Thud further studies seemed indicated. Since this drop
in vision apparently occurred where high levels of ambient or surround

illumination existed, test apparatus was constructed which provided

for control of both target and surround illumination.

The testing was conducted at fifty centimeters and at

twenty (eet using the Landolt-C as the test target. For the testing at
fifty centimeters. fourteen slides were made from a photographically
reduced Landolt-C in a range of sises from 20/10 to 20/200. The
photographs were of maximal contrast. The slide holder was fitted

into a large ball bearing mount which provides complete rotation of
the centered target (Fig. 9. 10).

The target area of the apparatus is that subtended by an
angle of four degrees. torty-three minutes &ad eigOt seconds of arc
and vision is limiited by the diarnoetr of the bearing mount. It is

illuminited from the Year by a 60 watt Mazda lamp, and the light is

diffused bya p.rce of Belgianflashed cpal glass The brightness of the
target at the vari •s LTansforrner settings was calibrated with a Gen-

eral Electric Lucki!ah-Taylor Brightness Meter, and ranged from
0. 109 foot Larnberts to IZ4.4 foot Lambert@. Theme and all inter-

mediate readings were based upon the mean of nine readings. To
prevent wall reflection, the sides of the passage through which the
target is viewed are painted blaik and three large reflection stops

are placed atintervals (Fig. 10). This pa|Lsage extend a into the sur-
round illumination box just far enough to prevent any illuminatior.
from the box falliug upon the target. A shutter is placed in front of

the light source so that the target may be rotated without the subject

viewing it.

When the apparatus was used for testing at twenty feet,

the target illuminator and the viewing pa isage "were rcmoved, leavi.ng

____ ___II



merely the surround section with a 4"x4l' aperture ini the box. An
instrument m~anufactured by Yamakoai Seisakusyo, Tokyo. 'was used
for the target in thi case. It is a Landolt-C vision test apparatus
arovidkingten targets ranging f rom Z0/8 to Z014Z, to 'which were added
four photugraphicall-y reproduced Landolt-C chartd from 20159 to
201162, 'which fit i.nto a special holder Qn the instrument. The di-
rection of the C and the target size can be changed by use of contro1*
(a planetary gear system) in the rear of the apparatus. Illumoination
is provided by two shielded 60 'watt Mazda lamps and controlled by a
rheostat. The targets reflect an average of 73. 3% of the light illumi-
nating them, as deverumined bytak~ng a mean of the percent reflectance
at intervals of twenty millimicrons over the range of four hundred to
seven hundred millimicrons.

Calibratita of target brightness was accomplished with
the Luckiesh-Taylor Brightness Meter. Boththe targetand surround
variable transformers were connected to a constant voltage trans- 9
former.

The surround in actually provided by a glass box within
a box. The inmer box which the. subje ct vie'wa is constructed of Ielgian
flashed opal glass on all but one side. Thus, illumination reaches
the eyesa directly trom above, be low. lef t anO right. Directly ahead.
the subject views the target arc& which is set into a 4"1x4" aperture
in the white front wall ut the apparatus. The outer box contains four
60 watt Maads, bulbs. one centered above each opal glass panel.
These serve to illuminate the opal glass. The base of the* glass sec -
tion of each bulb is aet six inches fruin the inner glass panel. The
four bulbs are electrically joined in parallc ito a&variable transformer. 9
The subject's Nead is placed into the box in a manner such that he is
surrounded by ainbient illumination. His position is maintained by
a lucite molded heai-bazad which is to positioned, that 'when the subject
is properly aligned. his eyes are at the desired distance from the
target. The position and shape oi tawhe iadiand warm deotarmilned b-y A

mean cranial measurement. of the ten subjects.

Calibration presented a difficult problem, since although
the light box is symmetrical. it is neither cubical nor spherical. *
(The rectangular shape was determined by the fact that provision had d
to be made to allow *pace for a double fold of an oxygen respiratory '
tube used in the low pressure room). The essential problem 'was, to 0

NIMr. Sylvester Guth of the General Electric Company was very kind
in offering his advice on this and asworiated problernis.
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determine the level of ambient illumination at the several variable le

transformer settings. Since almost every point within the box re- re-

veale"MIfferent level of brightness measured with a General Electric rlc

Luckie3h-Taylor Brightness Meter, it was decided that probably the rthe
best z.-thod would be to measure the integrated level of illu•uination I

with a Weston ruct-Candle Meter pointedat the darkened target from wom

the position oi the muiaocular eye. The illumination varied from sero ere
to three hundred and fifty foot candles. A rather complete analysis Isis

of the brightness existing inthe ligat box was mae at the one hundred red
foot candle level. Meanurements were made to determine Uf equal Pal

brightness existed at symmetrical points in the light box and if a I a

change in variac settingwould resultin a directly proportional change Inge
in brightness at the several points. Proportional change and symme- one-
try were found, and a diagrammatkc view looking into the light box is rti
presented to show the brightness at various points in the box at the th
one hundred foot candle level (Fig. 11).

Testins was conducted at various brightness settings of 55 of

targot "4 su&-round. During each of the five cycles, each test corn- pc-

bination was conducted on two days. To determine the effect of vary- 6ry-

ing target brightness, three basic levels were chosen--one, twelve, Ive.

and osa hupdred foot Lamberts. The twelve foot L. ambert level was Was

used since it has begn recommended by the Subcommittee on Pro- hro-

cedures and Standards for Visul Examinations for the Army, Navy- vy-
NRC Vision Committee (S). It will be noted that the chosen levels tal
are approximately one log unit apart.

Most of the testang was conducted at fifty centimeters loes

sinct. only one .- erator was necessaryat this test distance. Testing WAS
was done oaty for targets of twelve foot Lambarts at the twenty foot Dot

distance. The suriound illurnuiation levels of zero, on. hundred, ad.
two hundred, and three hundred foot candies were rather arbitrarily rily

chosen to determine the effIcv of succeeding levels of ambient illu- Ilu-

mination.

In the low pressure chamber and the hot room, testing tins
was done with targets at the standard twelve foot Lambert level. tel.

Testing obvioiamly was limited in the cold room so readings were taken akwn

at this same level of target brightness immediately after leaving the I the

cold room.

13



SPECTACLES;

The testing of visual acuity with spectacles at twenty feet re- re-

vealed that virtually no change took place during an eight hour period. tod.

The v- iation of rurround Allumination seemed to have significant ant

effect. Theur 't.vings are different in degree from those of Lythgoe goe

(6) but it ts believed that this is due to differences in method of tett-
ins.

Testing at twenty feet (Fig. 12) resulted in readings thatwcze almost bost

identical with those takenat fifty cc utimeters (Fig. .3) with-a twelve Ilve

foot Lambert target level. The readings averaged c.0/19 for all test .st
conditions.

By increasing target brightness, (Fig. 14), visual acuity was pas

increased only sligntly at all levels: and a decrease in target bright- . Ihe"

ness (Fig. 15) apparently caused a very mammal dt-rease in visual
acuity. These changes are insignaitcat.

The data takeu in the hot and Lold room (Fig. 16), while slightly Ity

less condistent, reveaiedvirtuallyno clinge anvisuAl acuity. Vision lion

in the cold room was Just olightly better than that in the hot room. W r

One great dibadvantag" st spectacles in the cold room was the frostr lst-

ing of lenses that occurred shortly after entering the cold and the the

steaming of lenaes on returning to a warmer atmosphere. To main-

tan adequate vision in the hot room, it was necessary to clean the

lenses frequently because they became spotted with perspiration.

"Visual acuity zn the low pressure chamber (Fig. 17) was practi- Cti-

cally the sa.ne during a Peven hoLr periodas at normal atmospheric tic

pressure.

Visual a uity with spectacle#. rrmaitned virtually constant through- lab-
out the day. Variation of target brightness from one foot Lambert ,rt

S--
to onu hu.ndred foot Lamberts, amd virtation of surround illumination bu&

from aero to three hundred foot candles had little effect on visual nll

acuity. The very mrtinial changes noted In the hot room could have ave

been a secondary result of the generalized languor that as commor.ly lily

associated with prolonged exposure to high ambient temperatures. so.

The "mechanical" difticulties of frost. ateam, and perspiration put pt

spectacles at a disaudvantage whtn wo: n uiidt r climatic extrermes.

14
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DALLOS AND LACRILENS:

The findings with the Dallob and Lacrilens were almost corn-
pletely identical. Visual acuity, tested at twenty feet (Fig. 12) and i
at fifty centimete-.a (Fig. 13) with twelve foot candle surround illu- li-
mination, avsr~tge.1 Z0/0 throughout the entire testing period which ich
in some instances lasted as long as fifteen hours. Varying the sur- or-
round illumination had little effect on visual acuity despite the pro- re-
longed wear•g time. There was a very minimal drop in visual acuity ity
noted after wearing the Dallas lens for six hours when the target pt
illumination was reduced to one foot Lambert an the presence of an Ma
increased surround illumination (Fig. IS). This di op never oaceeded ed
a change of more than that from 20/20 to 20/27. At the one hundred od
foot Lambert level (Fig. 14), even this slight change was not noted. •4.

In the hot room (Fig. 16). very slight changes in visual acuity Ity
were noted. The change never excecded more than that from ZO/ZO 120
to Z1/ZS. CoLdroom readangs revealed (Fig. 16) virtually no change ige
in visual acuity. In testing in the low pressure chamber (Fig. 17).
no changes were noted throughout the period of observation.

There was noted a very slight drop in visual acuity immediately ly
following the removal of the lenses (Fig. 12). This was tested at
twelve foot Lambert target brightness with sere surround illumina-
tion. Tkh average d:op did not exceed Z0/ZZ from & wearing base us
value of Z0//17 ad can hardly be considered significant.

Visualacwtywiththe Dallos and Lacrilens remained essentially Ily
normal throughiut the extended testirg periods. At no time. did a I a
change in visal acuity exceed a drop of more than that from ZO/20 !20
to ZO/ZS. and this was noted only at a low targcs Illumination level vel
and a high sui rourd illumination in the hot room. This indicates tee
that only minimal corneal changes occux when these lenses a re worn WU

FLUID LENSES:

Visual acuity tested at twenty feet with a target brightness of 6 of
twelve foot Lamberts with various levels of ,urround illumination ion
while wearing the fluid lens is represented in Fig. 18. With the be
surround illuxinination at bero, the reduction in visual acuity was Ws
relatively slight despite the existence of a deep corneal haze.. With Ith
the introduction of surrowd illuminmation, Lheri was a signaificant at
drop an visual acuity in the presenct of deep corneal haze, which ch
apparently waa proportional to the depth of the haze and ine bright- it-



ness of the surround. With the surrourd illumnination at zero, thre
meAnvisual acuity reading had fallen from 20/17 to Z0/Z9 within the ie

seventh hour; while within a similar period with the surround illu- a
mination at three hundred foot candles, the fall was from 20/19 to to
20/117. Visual acuitty remained essentially at a constant level from M
the time of inuecrtio'n of the lenses until a time that was almost coin- in-
cidental with the appearance of the chromatic halo.

When visual acuity was tested at fifty centimeters (Yig. 19) with 4th

a target brightness of twelve foot Lambarts and varying surround
illuminations, the results were essentially of the same order as 'as
those found under similar lighting conditions at twenty feet. While
the effects were conmparable, they were not as extreme. Here again S~n
there was little drop in visual acuity with no surround illumination lon
while with a surround illumination of three hundred foot candlem, the the
visual acuity dropped from 20/20 to 20/87 with the development of g of
corneal hase. Th•is change was apparently proportional to the depth -th

of the corneal hame and the brightness of the surround. I
The irregularities in this and other visual acuity charts do not Dot

necessarily indicate violent fluctuations in visual acuity. for all of Of
these irregularities can be ascribed to individual subjects who ox- Ox-
perieaced difficulties of one type or another, such as irritation and lM
photophobia, which resultedinearly removal of the lenses. In gener- tr-

l., individual curves of visual acuity revealed gradually progressive ive
changes. The charts presented, however, represent the composite lite
means of individual results taken within hourly periods.

The effects of varying the target brightness while wearing the She
fluid lens are x rpresented in Fig. 1O and Z 1. When the target bright- ght,
twss was reduced to one foot Lambert and the surround illumination JcV
varied frova-zero. to three hundred foot candles, the effects were are
comparable to those seen with target brightness values of twelve foot !Dot
Lamberts, but were greotly magnsfied. Fimilarly. when the target got
,brightness was increased to one hundred foot Lamtberts, the effect kct
was greatly reduced.

The drop in visual acuity apparently was more closely related 4ed
to corneal haze at thc lower" levels of target brightness

If me examines Lhe readings taken immediately after emerRiuR iwng
from the cold room after both six and eight hour exposure periods, it I, it
will be seen that almost no change in visual acuity had taken place ace
(Fig. Z2).
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On the other hand, the hot room data (Fig. 2Z) ieveal that the
changes in visual acuity, with an increase in surround illuminatiort, • "
occurred sooner at 1200 Fahrenheit than at the normal laboratory • ry
temperature of 720 Fahrenheit. Again, the halo time served as a
coincid•,-tal factor with the drop in visual acuity. In the hot room
the chromatic ) tic appeared sooner than normal, and in the cold.
room its appearance %as delayed.

The findings in the lowpresaure chamber (Fig. 23) were similar
to those for nzrmal conditions (Fig. 19).

Ithadbeen aoted that there was blurring of vision after removal
of the lenses, especially in the presence of corneal haze. Tests
were done to determine the time required for restoration of normal
vision (Fig. 18). Results showed that there was an immediate drop
in visual acuity upon removal of the lenses even with no surround
illumination. However, within thirty minutes after removal, the
vision had returned to normal. Similar testing was done at the fifty
centimeter distance with different levels of illumination and the re-
suits were essentially the same. The more intense surround illu-
mination (one hundred foot Lamberts) caused proportionately greatr r
blurring, but as the corneal haze cleared, the effect of the ambient
lightingwas reduced aad the vision returned to normal with all levels
of surround illumination within thirty minutes.

The visual acuity after inserting fluid lenses was not sig-
nificantly different from that while weari-g spec tacles. However,
after approximatelythree hours oiwearing tinme, the visual perform-
ance with fluid lenses bagan to fail. Since the only known changes
in the refracive media are said to occur in the cornea, it must be
assumed that these were responsible for the reduction in vision.
Smelser (1) has zhown in animal experimentation that edema and
thickening of the zornea occurred after fluid lenseo were worn.
Donaldson (7) found similar results with human&. The thickening
of the cornea would have little effect on visual acuity while the fluid
lenses are being worn, since the indices of i.efraction of fluids on
either side of the cornea virtually negate the different rceractive
power of the cornea. It is assumed that a temporarily increased i
thickening of the cornea might have occurred in the present studies
and was atleastpartiallyresponsible for the greater degree of visual
impairment immediately after the lenses were removed.
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Another change that occurred in the cornea while wearing the
fluid lens was the development of progressive corneal clouding.
whichprobably was the main cause for decreased visual acuity while
the leaies were worn and immediately after their removal. This
cloud-•-;g of the co3rnea tends to scatter incident light resulting in a
veilina siare. M,!,n workera in the field of lighting (8, 9, 10, 11)
have found that vesiang glare has three main effects. These are:
reduction in contrast, photophobia, and raising the level of light
adaptation. The amount of veiling glare created is dependent upon
the depth of the haxt and the quantity and extent of light incident to
the eye. Since visual acuity -a partially dependent upon discriminc -
tion between the target and its immediate surround, any factor such
as veiling glare that tends to reduce the contrast will result in re-
duction of visual acuity. In this experiment, the variable illumina-
tion of the target, whose area was of small extent, apparently in-
duced rrinimal veiling glare, while the extended surround illumination
has a pronounced effect.

These hypotheses were demonstrated at both the twenty foot and
faify centimeter testdistances with the fluid lens. The drop in visual
acuity appeared shortly after the fir at appearance of the halo, which
seemed to indicate that a depth of haze just slightly greater than that
existung atthe time 5f the halo wah necessary to produce the reduced
acuity. This process seemed to be accelerated under hot rnom con-
ditions and retarded in the coli room as was the halo appearance
time. inthe low pressure chamber, there was little va'iation in re -
suits from those obtained under normal conditions.

The differc.'ces in viaual acuity seen in the various levels of
one, twelve, and one hundred foot Lamberts of target brightness
were undoubte•-y &.e result of contrast differences that existed be-
tweenthe target and the imrmediate surround ian the presence of veil-
ing glare.

In the presence of a constant sur ound illumination and with
cornealhalre and the resultant veiling glare, the effect was lessened
at the higher levels of target brightness. The veiling effect was un-
changes, butat the increased level of target brightness, the contrast
was greater and therefore the effect on visual acuity was lessened.
It was only when the difference in contrast fell below the Level of
contrast sensitivity that the vioujal acuity lessened. Thus the visual
acuity at the target brightness of one hundred foot Lamnberts Wvks
better than that at one foot Lambert in the presence of a constanw
veiling glare. Therefore, visual acuity may be assumed to be rela-
tive to the contrast difference between the target and its trImtedlatr
surroun1



The immediate drop in visual acuity upon removal of the fluid

lenses may be assumed to have been due to both corneal thickening
and haze. Visual acuity was restored within a half an hour.

TUOHY LENS:

The resulý= of the visual acuity tested while wearing the Tuohy

lens were quite bizarre. It was found that certain subjects ex-

periehced considerable diecomfort while wearing this lens, and as
a result, many of the findings were erratic. In order to present the

results, the drta were divided into two groups. Group A included
the data of subjects whowere unable to tolerate their lenses for four
hours, and Group B included the data of those who wore the lenses
more than four hours. Group A and B did not necessarily include
the same subjects in each te st since individual tolerance varied from
day to day. It was found that if the individual subject was able to
wear his lenses comfortably for four hours, he could frequently

continue wearing them for the completion of the test period. It was
for this reason that the arbitrary division of the data was made at
four hou-.s.

Visual acuity, as tested at twenty feet, revealed very little
change inthose whowore the lenses comfortably, Group B, (Fig. 24).

Group A, hojecver, revealed marked and rapid decreased invisual
acuitywhich was greatly accentuated by the introduction of surround
illumrnnation. It will be noticcd that the average removal time was

two hours .rAd one minute. Readings *br Group A taken after that
time show a return to the normal because these with the greatest i
irrit-tion had removed their lenses.

Results of visual acuity tests at fifty centimeters at the twelve
foot Lamberttargetlevel were similar to those of the tests at twer.4y

feet, but the changes were not as extreme for Group A (Fig. 25).
The slight irregularities in Group B werc due primarily to the in-
cluszon of one subject who had discomfort, but was able to wear his
lenses for five hours.

The findings atthe one foot Lambert target level appcar at first
glance to be quite confusing (Fig. 26). Group A experienced con-
siderable irritation and therefore had short wearing times -asid rapid
drops in visual acuity which were accentuated by increased ambient

illumination. The average removal time in this group was one hour
andfifty-twominutes. The marked irregularity seen in Group B was
due primarily to two subjects who wore the lenses more thanfour
hours despite some discomfort and poor vision. The two marked
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variations were produced by these 'wo subjects removing their leniies pes
at_different times. Had Group B been graphed without these two in- In-
di.iiduals. the visual acuity would not have dropped below 20130 at at
any timt. ,

With a taret brightness of one hundred foot Larnberts, the re- Ire
sults again were imilar (Fig. Z'"). In Group A the visual acuity pity
again dropped rapidly, especially with increased surround illumina- •na-
tion. The irregularity seen in the graph of Group B was due to the
readings for one undividual who wore his lenses beyond the four hour wour
period despite discomfort.

The results in the hot and cold room again are similar to the jthe
above findings (Fig. 28). The findings wete more extreme but of the Ithe

same pattern.

The lw pressure chamber findings follow the same patte'n (Fig. rig.
29). The slight, drop in visual acuity as seen in the graph was the ,thd
result of one tndlividual who experienced difficulty toward the and of of
the experiment.

Visualacuity tested at twenty feet after the removal of the lenses, 0646
revealed that Group A subjects returned to normal within four minutes Itda
VFig. 24). 'The unsxpected drop in visual acuityin Group B was caused .0ed
by one Lrividual whose visionwas frequently batter with contact lenses Pes
than with spectacles. This difference is probably not significant.

The uumber of subjccts in Groups A ancl R was not equal or con- ;o-
sten*. The individual tolerance varied considerably from day to day lay
andwiththe teatbeingconducted. On a, average, approximately two- Fo-
thirds of the si,"jYects in each test fell into Group A. In tests in the the
hot room and with high target brightness, this group was somewhat what
smaller. Of Group B, less than one-half could tolerate tne lenses for for
eight hours. While the indivzdual tolerance was variable from day To .Y to
day, on an over-all basis the ]roups more ;roquently consisted of the the
same sndividuals.

It seems apparent that the corneal lenses, as worn in this ex- ex-
periment, were poarly tolerated. In all the tests, approximately one- r one-
third of the subjcctu could tolerate the lenses for more than four four
hours. Of theme, usually less than half could complete the test runs runs
of eight or fourteen hourk.



The vis~ial performance with this lens seemed to be dependent It
upon tolerance, which in turn was dependent on ocular irritation and
its iniluencing factors. This was wtll demonstrated by individuals V.
in Group B who comfortably tolerated the lenses. There was little
reductioa. in visual acuity, even after extended wearing time. An-
other deinonstr:.;ioa. of this is shown in Fig. 24, by Group A where 0
immediately after the source of irritation was removed, the vision p
returned to normal. It can be assumed front this that the visual im- I-
pairment was not the result of corneal hams, as in the fluid lens. but
was viecondary to the irritationwhich resulted in extreme photo.phobia.
tearing, and spasms of acc,.ýYn-odatioa. Heat and increased surround
Illumination tended to aggravate the condition. Cold seemed to have
a somewhat beneficial effect in reducing the subjective ocular irrita- "
tion. The results in the low pressure chamber showed little sub-
jective variation from normal.

4. Photophobia

It became apparent from the pilot studies on visual acuity,
that photophobia frequently became a factor of considerable influence.
Therefore. anattemptwas made to evaluate this phenomenon. In the p
field studies. this effect when noted was recorded as a subjective p
comment, thus being only qualitative in nature, However. in the p
laboratory an attempit was made to obtain some quantitative measure
of tolerance to light. The equipment developed for the testing of
visual acuit, served this purpose well. for with it. it was possible
to control the amount of light both at the tpirget and in the surround.

Toler tice to targetand surroumnillumination, ur point of
onset of photophobia was tested at the ftfty centimeter test distance.
Three levels oe tir get ovightness mwere considered in testing surround d
light tolerance to determine the effect, if any. this factor produced. .
These conformied to tht target brightness uied for a given day, being
either one, twelve, or one hundred foot Lambrrts. Target light toler-
ance was tested in the presence of no surround ilumlination.

On the basis ofworkdone by Peterson and Simonson (12), 1,
whofound that in young individuals glare had no effect on accommoda- 9-
tion tested under situations where ocular irritation was not present,
it was feltthatetsts conducted at fifty centimeters would be valuable. g.

A typical tenstat fifty centimeters was run as follows. If
the target brightness for a given day was one foot Lambert, a read-
ing of visual acuity was taken first with zero foot candle surround d



I

illumination to obtain a basal visual acuity. A visual acuity reading ubjct

was defined as the threshold determination recorded when the subject Vuwiaon

was able to answer correctly to three out of four target presentations. •urning
Belore further testing, surround tolerance was determined by turning tuight.

th& variac slow lyuntil the subject could no longer "tolerate" the light. iof the

Followingtris. three visual acuity readings were taken at each of the ofte

three levels of surround illumination--one hundred, '.wo hundred, takhs
and three hundred foot candles with an appropriate light adaptatibn
period of one minute before each reading.

ze•ro

After this, the surround illuminationwas reduced to uero ,ard
and again a period if one minute was spent adapting to a titandard ,.ris
target brightness of twelve f.ot Lamberts. Following this the variac ;eto r-
was slowly turned up until the level of the target tolerance waa deter-

-- - mined. The entire teat procedure toGk approximately six munutes,
and each subject was tested eacii hour. Means of hourly readings of•ion.
the subjects were determined and plotted againsr tame after insertion. I

.1tact
Photophobia. asexperienced in subjects wearing contact toU

lenses. apparentlycanbe the result of two fators--ocular irritation
and corneal clouding. The causes of ocular irritation may be:

I. Improper fitting of lenses, which causes irritation
to the cornwa. conjunctiva or lids.

Z. Chemicalirritationfroni wetting agents. solution, and
unclean lenses.

3. Gaseous irritation from smoke, gunpowder, etc.

4. Irritatiou [ron. dust and other ioreign bodies.

S. Poor iolerance or inadequate atiaptation to contact
lenses.

When corneal clouding causes a sufficient scattering of o-

ligh¶t, yVF1-ering the eye, there results a veiling glare which pro-
duces photophobia.

From the :esultat of this study. iL Aieem, apparent that thre
photophobia resulting from ocular irritation is apt to be producc.d by



light from any source. This type ot photophobia is usually accompa-
nied by varying degrees of "'acriniation. pain. blepharoapasm, and
often accoramodative spasm ("M3, 14. 15). The photophobia, second-
ary to veiling glare at tCe levels tested and in the presence of the
degree -f corr•ealclauuingthat was found. was seldom severe enough
to produtce lacrzi-i.tion. etc. These conditions were prevalent es-
pecially in the presence of an extended light source which induced
increased scattering. It often was difficult to separate the two pri-
mary causes of photophobia and to determine the relative effects of
each. Photophobiawhen present without corneal hase was presumed
to be caused by ocular irritatbc,.

SPECTACLES:

At the levels tasted for both target brightness (Fig. 30. 32, 34)
and surround illumination (FAg. 31,.. S , 35), subjects wearing specta-
cles experienced no photophobia underntrmal conditions, at climetic
extremes, or at a similated high altitude.

The levels of lighting at which this experiment was conducted
did not reach the tolerance level when spectacles were worn.

FLUID LENS:

There was a progressive drop in tolerance to surround illumina-
tion when fluid lena.e were worn (Fig. 36). The different levels
produced by varying the target brightness had little apparent effect
on tolerance to sarround illumination. The slightly higher last point
at the end of the wraph is due to the readings being taken subsequent
tothe average removal time. The subjects with the poorest 'olerance
to light were torq.mc to remove the lenses earlier than normal.

Tolerance to target brightness with zero surround illumination
(Fig. 30) showed only slight variation and this only after the fourth
hour. This decrease in tolerance was miniimal.

Tests for the tolerance to surrou,,d M-m-nt t'in in thhtL'wgom
revealed a more rapid and marked declire than under normal con,-
ditions (Fag. 37). The decline in the cold room was not as great
(Fig. 37). In the low pressure chamber, the findings were essentially
similar to those for tI~e hot room (Fig 35). Target tolerance did
not vary appreciably In either the hot or cold rooms (Fig. 3Z), or in
the low pressure chamber (Fig. 34).

23



Photophobia apparently becomes a problem in wearing the fluid id
lens. From the time of insertion of the fluid lens. there was a pro- O-
gressive decrease in tolerance to surround illuminAtion, while taryet lt
tolerance was relatively unaffected at the levels tested. It would Id
appear t!,at there v egr two prime causes for this decrease in toler-

ance; Urast. irritation. and second, veiling glare. The initial photo-..

phobia was undoubtedly caused by mechanical irritation or the irri- "-

tation of the solution used with the lens. While attempt was made Is

always to use a standard I-l/Z% solution of sodium bicarbonate, there le
was some variation from day to day. If the subjects were careles&@ o

andfailed to cleanse their hands thoroughly, especially after smoking, So
they experienced more irritation when insetting the lenses. While it

the initial and occasionally subsequent photophobia might have been in
associated %ith the above causes, it did not appear to be the main in
factor. since there was little variation initially and target tolerance
was virtually unaffected.

Veihng glare. tberefore. was probably responsible for a consider- r-

able amount of the reduced tolerance to light. Holliday (9). Harrison )A

(10). and Crouch (5). all have discussed the effect of veiling glare :e

upon visual acuity, comfort and light adaptation. It was evident that at
with the progressive development of corneal clouding, tolerance to a

surround light decreased. The surround, being an extended overall 11

source, produced a marked veiling glare in the aresence of corneal &I
hasze, which was propnitional to the depth of that base, while the be

small target light source had little effect until corneal hase was ex- a-

treme. The citect of the veiling glare was somewhat comparable to to
night driving with a dirty windshield in the presence of bright lights, .

The more n,'irked photophobia, as evidenced in the hot room m

with the fluid lens. was due to increased mechanical irritation and ad
more rapid development of haze.

DALLO AND LACRILENS.

Subjects -earing the Dallas and Lacrilens revealed very little
variation im tolerance to surround illurrsination at the various target st

levels tested during the fourteen hour experimental runs and under it

the various climatic and atmospheric extremes (Fig. 31, 33, 35).

Photophobia was not observed in the target tolerance testing under ir

normal and extreme conditions (Fig. 30, 32, 34). The slight variation n
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in surround tolerance seen under normal conditions (Fig. 31) with ith
-the Dallas lens was due to one subject whose limbal vent occasionally lly

"became blocked with mucus after long hours of wear, while that seen en

with the Lacrilens (Fig. 31) was due to one subject who experienced
some m.C1Cha1cal Iritatitr.

Since the Dalloo lens and the Lacrilens were comfortably worn )VU
under these test conditions by most subjects and since there was no no

evidence of corneal bass, mechanical irritation. or veiling glare. 10.
photophobia did not develop. The one subject who had mechanical Cal

irritation with the Lacrilena developed photophobia and the one subject Ict

with the Dallas lens whose cornea was improperly aerated because
of a mucus block probably developed some corneal hare and subse- -C-
qunet photophobta.

TUbOHY LENS:

Thc .tolerance to surround illumination with the Tuohy lens re- re

vealed marked photophobia in Group A (Fig. 38). These subject@ Cts

eaxporienced considerable discomfort during this test. It appears ore

from this graph that the tolerance to surround illumination was greater aI
at the higher levels of target brightoeas. However, examination of of
individual readui•. -1.d not bear tis out. The photophobia was pro-
greesave with wearing tame. Group A tolerance to target brightniess Be
was reduced somewhat jF1g. 30). but not to the extentnoted in relation
to surround (Fig. 38).

In Group B. the ininal drop in surround tolerance as seen in I in

Fig. 38 was the result of two phenome-wa. Some subjects who wave 1re
the lenses xar.e than four hours showed a progressive decrease LBO

in tolerance until tht lenses were removed. A few subjects had photo- )to-

phobia shortly aiter mnmcrtini the lenses. which after a few hours Ira

subsidedaad did r.ot recur throughout the wearing period. There was V"

claae aeacc.atý.cý b~t.-wen decreas_ in, urrola'id tolerance "n reductionio
of visual acuity. There was a lack of association of tolerance to I to

surround and level of target brightness. There was no variation in I in

target tolerance in G•aoup B (Fig. 30).

The findings inthe hot room followed a similar pattern, but were ore

slightly aucentuated (Fig. 39. 32). The tolerance to surround (Fig. is.

39) and target lighting (Fig. 3A) was good In the cold room in both Group AP
AandGroupB. Inathe low pressure chamber (Fig. 34. 35). the findingi'
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were essentialy the same as uande. normal conditions for Group B. 1.
The findings from Group A are not shown on the graphs since data
were insufficient and inconsistent due to the extreme discomfort of
the subjoects during this test. I

The tolerance to light with the Tuohy lens was poor. This was is
essentiaLlydue to ocu,-r discomfort which was the result of mechanical I1
irritation or poor individual tolerance to the lens. With rare exception, ,

even the subjects who best tolerated these levses experienced some
discomfort, especially iA the first few hours of wearing. These diffi-
culties were exaggerated in the hot room and somewhat alleviated in
the cold room, while the low pressure findings were similar to those
under normal conditions.

5. Dark adaptation

It was hypotheizied that the corneal ham would act as a a
light falter. &ad thus would increase the time necessary for dark
adptation. A Telesmilhoemtte SeU-Ulum UatIoaadiumn Plaque Adapto-
mezer (Navy Issue)was used for testing dark adaptation. Light adap- Op.
tation at one hundred foot candles siur round illumination and one hundred
foot Lambert* terget brightmess for am minute was accomplished pd
before the subject entered the darkened room. When the subject. M
seated five feet from the instrument. responded correctly to three go
outoffour rotations of a target on the radium plaque, viewed through to
a filter, he was considered dark adapted. Means of hourly reading*s Ig
were taken.

Wito the exception of the fluid lens, there was no consistent ant
variation in •.ak adaptation during a period of eight hours with the Ie
other contact let,.es or spectacles (Fig. 40). It is apparent from this his
graph that shortlyaflsr the appearance of the chromatic halo with the be
fluid lens, the time required to dark adapt was increased.

Dark adaptation was not appreLably affected by the weaaring Ing
of contact lenses unless a corneal base developed. The probable Os
explanationfor this phenomenon is that the corneal Uase tended to act Oct
as a filter which net;cssitated a more complete dark adaptation to I to
perceive agivenamoun.o!'light. There appeared to be a proportional Dal
relationship between the depth of haae and dark adaptation time.
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6. Muscle balance

Although accommodation and convergence readings were
takend':, ing the preliminary manifest refractions on the subjects, it

was d*ided to tit•ychange s in phoria with contact lens wear. Alpern

(16, 17) and Firestone and Gaynes (18) have done extensive work in

this field. The present study afforded an opportunity to check their Jr

findings for the particular lenses used. An American Optical Company Wiv

Phorometer was used, and the .%alo identification light at twenty feet

served as the light sou - Horizontal phoris was taken by using

rotary prxsms and vert/wo phoria byusinga Maddox rod. The subjects

were taught the m,.4;1 . and theory of the phorla tests, and after 1"

suitable practice t,*k hourly readings before insertion and during the

experimental p.-esentatbon. This was done three times during each

test cycle. jince the volume of testing was so great, the subjects

were pair':d off at the beginning of the experiment and instructed to

take re,,jings on each other throughout the five cycles. Thus, each Ah

hourly readings are presented.

Phor•as tested under normal conditions revealtt es-

sentially no unusual variaton during the tUme the lenses were worn gn

(Fig. 41), The onlypossible eaception was that with the corneal lenu as

in those individuals wh-bse tolerance was poor. There seemed to b, be

a slight shift to esophoria and left hype rphorla in this group of subjects. $2.

Phorias tested in the low pressure cbirnber (Fig. 42) were much sh

more variable and erratic, and did not follow a conststent pattern. PP.
It was impracticbl to atttmpt this test in the hot or the cold room. ,

Al,.perr (16, 17), and Firestone and Gaynes (18) reported ed

signilficant variations in phnria or fusional convergence in contact Wt

lens wearers. This was nut born out by the testing as conducted in

this laboratory. The unusual csophoria and left hyperphoria seen in

Fig. 41 and 4Z could be attributed largely to two subjects, one of

whom had an esophoria that ranged from ten to fifteen diopters under er

normal conditions and the other who had a left hyperphoria of five Ve

diopters which did not vary. Since these subjects raanifested no so

difficulty in fusing, it ,s nov. feit that there was sufficient justification en

to drop them from tii test.

The Tuohy Group A subject* revealed the widest variation. On.

Theise subjecir experienced co••iderablc discomfort frorm thke 'ensee. '5.
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and the general increase in esophoria mightwcll have been attributable e
to accommodative spasm. The variation in vertical phoria was large ly y
attributable to the one individual with high hyperphoria. since he •
experienced difficulty in mamnLining fusion with this lens. The Tuohy y
Group n. readings tended to be lower than the average for the other r
lanses. This co, Id 'ie accounted for by the fac% that the two men with h
eztremely high phoria- were always represented in Group A.

The erratic effects noted in the low pressure chamber
might have been attributable to hypoxia due to removal of the masks LIM
for excessively long periods of time while doing the tests. MadFarland
(19) and Weaver (Z0) found that inherent wesakness of extraocular
muscles became more apparent in conditions of hypoxia. There .6
seemed to be no uniform pattern of effects that could be attributable to
to the lenses. Here again the two subjects with the excessive phoria Ia
tended toextaggerate the tendency to greater esophoria and left hyper-
phoria.

7. Entoptic fields

Entoptic fieldpatterns are essentially shadows of opaque a.
or semi-opaqie objects in the ocular media. This phenomenon may by
be seen if parallel lightpasses through the eye. In order to test this. Is.
a ten power microscope eyepiece is employed. The rear focal point at
of the eyeplece falla approximately at the anterior focal point of the te
eye. thus the light reaching the retma will be parallel and an entoptic ic
field maybe viewcd. The limit of this field is the inner border of the 1e
iris whichacts ^s the aperture stop for this system. Fiulnslotein (Z) ,2)
found consistent changes in the pattern of the entoptic field with the be
development of haze and halo in wearers of the fluid lenses. It was as
decided to dcter"...ne if entoptic field changes were developed by the he
wearers of all contact lenses, or if these changes were dependent at
only upon the cornealedema which developed concurrently with hase. se.
Readings -were taken hourly after the appearance of entoptic field ld

With the fluid lens. there was a gradually progressive ve
eutoptic field change. The individual finding6 were quite consistent gut
from day to day un.er normal conditions. Under spe-.ial condition, Vno.
there was no con&svtant variation fromn normal.

There were only occasional entoptic field change# noied :ad
in scattered mibtances with thr ot0er lenses. Somre of these findings ag
*are progscsiave and otherm appeared only for transient periods.
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The findingo with the fluid leans were essentially in LU
aflreement with those of Finkelstein. lie did not report any entoplic k
field cbanges with the Dallas or corneal lenses. In this stuady the he
instances where such chanUes ac,.urred with the Dallas. Tuohy and ond
LLacwile-. were scattered and too inconsiatent to merit further analysis. 5.

8. Color vlonn

All subjects were first tested ior color vision by means as
of the American Optical Compsny Pseudo-b'sochrornatic Plates. Nine p
of the ten subjects qualifted as having normal color vision and hencui
were eligible lor further testing on B ausch cAud Lomb Anomnaloscape. *
The anomaloscope consists of two adjacent comparison fields. The ha
top field is yellow and the intensity of this is variable. The lower pr
varies from red Wrough yellow to green. The subject makes a match l1i

of yeltows. For example, it more red than normal is required, a red od
deficiency to that amount is present. Four readings were taken each Vh
houy and the means of each not were detarmimtd.

FinkeIstein (2) found that Chars was a shift toward the p
greeu which was due to daiiraction and scattering when haSm and halo Io
developed. This study sought to coairm Finkelstei's findings, to
determine if thim shift was evident with any other lenses and to dxa-
cover 4i there vere any other shifts in cnlor perception due to other
reaeso' .

Thz fEndings in this study were essentially in agreement
wit thvos of FinkZelsin. With the development of corneal base and
the resultant cor•eal scatter as seen w~th the fluid lens, there was a a
sIJghtturclncytoilroen deficiency as manifested by the anomaloscope PC
(Fig. 43). OU'er" , 4nthe there were noconsiatent significant changes is
in red-greencolorp prception. This held true in the hot and cold rooms fi
and in the low presoure charnber.

9. Depth percrptuxQ

Tests of binocular stueoptic acruity &ud spatial locAlization xt
were conducted jointly with the Department of Psycholngy. A pre.. 0-
lUninary report IZ3) dealing with ýhe Dallon lens, the fluid leni and i

* The ututhora wish to tkank Dr. Gertrude Rand of the Eye Institute of of
Presbyterian Hospital, New Yrk City, for the use of a Bausch and i
Lov'jMD Ano4saloacope.
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spectacles has been published, and a final report (ZZ) will be published
shortly.

Differences in performance did exist betsen individuals
und contact lenses and spectacles. However, there was no set pattern
of varii-..on fur each lens.

Neither cuntact lenses nor spectacles produced a con-
sistentviriation in binocular stereoptic acuity or spatial localization:
nor did one prove superior. In light of th, fact that there were indi-
vidual difterences amonj the lenses worn, it is deemed advisable that
person-e performing fine rrnging tasks determine their normal
binocular acuity maid spatial localization for the particular lenses they
may be wearing.

10. Clinical ap2earancc

Throughout the entire experimental period, continued
oboarvations were made on the clinical appearance of the cornea and
anterior segment. A Bausch and Lomb Universal Slit lamp with high
aMd low power objectives •as used for these observations.

Ass rule, when the lease. were worn comfortably. there
was little evidence of ocular irritation. It generally was true through-
out the experimental period that the Dallop lens and the Lacrilens
produced little irritat~on, although there were exceptions. Rarely
did the cornea stain with fluorescein even after extended wearing
period@ with these lenses. Mucus forrna!ion with these lenses was
observed occasionally. When excessive amounts collected under the
lens. 4t frequent;y was necessary to remove and clean the lenses.

AfPz erttrided wearing periods with the fluid lens, the
cornea became hazcd and ederiatous. Frequently the conjunctiva
became injected, especislly in the circum -corneal region. This i#Ls,
not necessarily accompanied by subjective discomfort. There was no
corne at tAinina.

It was freqtaently observed after remioval of the Tuohy
lenses, andespecially in the presence of sibjective discomfort, thit
the corneal epitheliurn revealed stippling which stained superficially
with fluorescein. The location of the stippled areas was scattered.
Conjunctival injectirn. tearing, photophobia, and blepharoupasm were
observed frequently while the lenses were being worn.
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While smoke and other chemical irritants produced the !
usual untoward effects in subjects wearing spectacles, these effects
were greatly intensified in the presence of any of the contact lenses.
This irritation appeared to be somewhat less marked with the fluid
lenses thnawith the o.her types. In the presence of excessive amounts
of dust, particles w~ve frequently seen under the Dallos. Lacrilens.
and Tuohy lenes.

The Dallos and the Lacrilens, as a rule, produced mini-
mal objective ocuilar change. The fluid lens produced progressive
conjunctival and corneal change. The frequency with which stippling
of the cornealepithelium was observed would indicate that the physic-
logical tolerance was poor for the Tuohy lens and that the bubjective
symptoms were secondary to definite corneal injury. These effects r
were probablynmechazical and could have been the result of xcessive
friction between the lenas and cornea. Whether this was due to intrinsic
lens design or poor fit was undetermined. Some of the discomu.ort.
especially in the adaptation period, was due to Irritation of the lids
asthey¢enstantlyrubbedover the beveled edge of the lens. This also
may have accounted for the somewhat more extended adaptation pe? od
for the Tuohy lens.

The tolerance to any ocular irritant was greatly reduced
in the presence of any of the contact lens*@ tested. This irritation
was less marked with Lhe fluid lens where the cornea was protected
by .w lens and fluid, leaving only the lids exposed to the irritant.

11. Visual field

Perl'heralfields of vision were tested on a Ferree -Rand d
Perimeter, while spectacles and contact lenses were worn. A two 90
r %libneter white test object wan used. !

Th.- ptr-mher al•f•r Idof vision ws 9 found to be very slightly ly
larger when contact lenses rather than spectacles were worn. The ie
incrtase in slax did not exceed 3% wich any of the lenses.

While the peripheral visual field was not appreciaoly dy
increased when contact Arnses tire wotn, the effective scope was as
greatly improved. 'Thelenses rotate with the eye and there were no vo
frames to lim•it the field. The annoying effects of aberration due to to
high refractive errors were not found.
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B. Special Duties

1. Clerical duty

SubjeLctive reports of the individuals stated their reaction Ion
to contact 1enase anat,3ectacleswhil they were performing the various
clerical duties associated with their laboratory work.

Extended pe riode of clerical work or close work in general &I

caused mixed reactions among tho subjects and the different lenses.
The only variation that was at all com istent was burning and astenopia
after *few hours of close work by a few subjects. In the premence of 01
ocular irritation, clerical work was correspondingly , ore difficult.

One poAsable explanation for the burning sensatios after or
prolonged close work is that with concentration, the blink reflex that ,at

is already reduced when contact lenses are worn, is further decreased.
This allows the leas todry and when the lad closes over the dried lens,
it becomes irritated.

2. Hot roox

Testingin the hot room was conducted with the tempera- VAL.
ture at + 1200 Fahrenheit and relative humidity of 3S%. The subjects Its
remained bi this room for eight hours with food and cool drinks sup- W-
plied at regular intervals. Time for development of halos was do- 04e
tertnited for the five test cycles. It was possible to take the testing 8i
equipment into the hot room for two cycles. and readings were taken Il
few color, entoptic field, visual acuity and photophobia, with target lot
brightness at twc-';r foot Lamberts. In the other cycles, readings go
were taken after emerging from the hot room. Subjective reports
were submitted.

with all lenses in the hot room. Symptoms of burning, tearing, and od
photophobia were common. Halos, when present. appeared earlier or
oFig. 34). Perspiration caused soiling of ipectacle lenses.

Th eexplanstion for the reduced tolerance to contact lensem 5s

was not clear. It migt be explained that heat taused vao*otvlation
and congestion of the conjunctive which interfered with the fit of the be
tons. Also, the generalhed discomfort at 1200 Fahrenheit lowered md

the morale and increased the irritability of the person as a whole.
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3. Cold room

Te sting in the cold room was damg at an ambient te mpe r-
atare of -400 Fahrenheit, with andwithoutwmind. The subjects remained
in this -oom the entire eight hour period of testing, with food and hot
coffee &0upplled to them at regular periods. The only instrumentation
kept in the test roon. 'was the microscope illuminator so that halo time
might be noted. A reading was taken on the anomaloscope and pho-
rometer for each of the test subijects immediately after he emerged
from the cold room. Visual acuity and photophobia were tested with
the target brightness at twelve foot L~amberts. Readings were taken
for the Live test cycles on halo time and for three cycles on all other
testing. Subjective reports were submitted.

The findilngs in the cold room were. in many respects.
1W the opposite of those inathe hot room. Ocular irritation was in general

greatly reduced with aUl lenses. Thoe. wearing the fluid lens found
thathaloo appeared later than under normal conditions (Fig, 5). Visual
acuity in general was better. Spectacles tended to frost over in thm
test chamber, and when the subject left the cold room &ad emerged
into the wartner atmosphiere. his spectacles became clouded. Wind
seemed to h&ve little specific effect.

General vaso -cons tr ictiun might have been responsible
for the greater wearing comfort in the cold room.

4. Logesr hme

Tests were conducted at the Asro-Medical Research
Laboratory*, Wright -Patterson Air Force Base. Dayton, Ohio, to
determine the effect of reduction of atmospheric oxyget. on the eyes. C
Smelaer (1) fou~nd this to be one of the causes of corneal base. Thus P
the question was whether the moderate ocular anoxia experienced at a
high altitude flying would inf luenco the corneal changes. Another ton-
siderationwas the possible effect of rapid changfes of altitude. Possible
expulsion of the lens, change in bubble size with coaisequent decrease
in vioual acuity, and formation of bubbles under the fluid lens were
also considered.

The testing was divided into two phases; - sudden decom -
preshica~. a n extended period at a simulated altitude of 20. 000 feet. Fit..

CThe 'ise of the facilities and assistance of the personnel of the Aern-30
Medical Re search Laboratory w~as greatly appreciated.
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SUkbctive reports were me" aftax. campltefti of the
suidad~cmprssiatest no toot wIs" &as llowo: a"Coat to eight

thA.WAeeht is .mehlf minute followed by epl~esive, deemupre mdion-
from eight dmousan feet to twenty..ive tkooae34 feet in two seconde.
Tns. alb%'4ie was w aintabad for ese minfte. thoax gradual descest
was mae. to lxca'Mh level is Ivem thsee to five minutes. Oxygen
weeks met covering the eyes weres wers.

The easiess were wow& ter an sxawaded period at tweonty
thousand feet. The selow~.s stayed bi te Lmw pressure cham~ber for
eight towiterig.1 3 A-1S.-A esygen maskswihmco
ami test cycles: color vision, Pheeia. bale time. eacoplic field. KDaJ

a visual imeugy and phetegahehia series with twelve toot Lambert@ of

totget barigtee s. Subjective Staidisgs were recorded. roed andI
heveraeep wes* previded periodiceAly during the sfight heors.

Moseasalay. there was mat a $seat deal ed variatien caused
* b~Iy sudden doeoeemiresslion. A few subject r~ epuuted en Lncrease In

kabbla sive, %hich was traistsaa.

TosWag at die simulated bioh alt~bde appareatly did not

emmk ap~uriaosi a ey a es uls b my asprsing ate

klgh ltitde.aagthv rdcdsm aae hm

Whs 'w" knws not to "oCar in liivid~uses whe were U04 wearing contact
lemmas, it w~a theoriand that with IMe mdditkamal reductiois in, aerationP
to ase cores. tinhoret with Uearing contact leases, ehengee might
have tabsa place.- Tbase did sot occur.

Upectaclee worn *adr hoogear of may mature proved. in
most cases, to be uscoodertable, especially when long teot periods
were cogducted.

These *ffects were compared with find$.ags at the rela-
tively aormul altitude at se'venhwAared and fifty-three feet at Tort r
Kno, Kentucky.
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S. Protective factors

Contact lenses, by their position in the eve. offer acertain Pin
amount )f protection. Small foreign bodies, mud, rain, ex.., aro ItC

"keptfro, the cornea by the lenses. The protective element was well well
demonstrated on tw.. occ&sions. One subject, while crawling through ugh
a barbed wire entanglement on the infiltration course, was struck in k in
the eye with a bLrb, but the cornea was protected. Another subject Ject
was struck in the eye with a buckle, and although his plastic lens was •as
cracked, hisi eye was not injured.

Plastic lenses offs r partial protection against ultra -violet plot
rays. * Light rays of approximately4000A and below become dangerous Ious
to the eye. Methyl methacrylate, the plastic used in contact lenses, Pes,
filters rays at a wave length of 3100A, and below Z866A there ios no no
apparent transmission.

Glass lenses filter essentially all damaging rays in the the
ultra -violet range. The glass contact lens. in covering the entire globe, Obs,
protectsagainst radiation from all directions. Spectacles protect . ct
only the areas they shield.

Boththe pl&Uc and glass lenses offer protection against . nt
alpha radiation. ** Protection against beta rdliation is variable. It . It
is dependent upon tho energy of the beta particles and the thickness goes
of the lens. Although glass gives somewhat greater pi otection. than than
plastic, due to the relatively incomplete z.•varage by spectacle lenses, losS,
protection is limited.

Virtually no protection is Iserev. .tnst gamma and and
x-radiation by either contact lenses or spectarlew

C. Field Studies

In the field studies, an attempt vwas made to test the effects Iscts
of to many conritiiruri ar p ;tabla with -wh-wh a me-.m ber of the Armed Isd
Forces may be confronted.

*Mr. Raymond R. Heer. Jr., of this laboratory was very kind in ad in

offering his ussistance on this topic.

**Dr. Adolph Krebs of this laboratory was very kind in offerinig his £ his
assistance on this topic.
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L. Service firinz*

Service firing, ar tank gunnery. included the firing of a a
75 m.- gw and SC and 30 caliber machine guns at both stationary and and
moving target--. This test was conducted to detarmine the eftect of aof
the lenses on sighting i&nd firing, as well as the effect of the concussion pion
upon the leases. As a further test of concussion, on one occasion the i the
men were placed in close approximation to 105 mm. howitzers that
were being fired.

DALLOS LENS:

Six out of seven subjects had so adverse effects. One subject Sect
had to remove one leas because dirt became lodged between it and the the
corzaa.

FLULD LEM•:

Of eight subjects. four had &o significant complaints. Two were a
irritated by powder fumes, and two complained of photophobia and And
burning. With the development of hae two had difficulty sighting on on
targets.

LACRILENS: i

Three of eight subjects experiencvd no difficulty. Three corn- a

plained of burning from powder fumes. Use found dust and wind
irritating., while one had some photophobia.

TUOHY LMlib:

All of the eight subjects experienced discomfort caused by the Ube
fumes from the gun powder. Two subjects had their lenses dislodged ed
by cmcussion and the lenses were lost in the field.

SPECTACLES:

The six subjects wearing spectacles experienced difficulty in __e

using the sighting dev4ce due to its construction. Rain spotted the
lenses of ome subject, thus interfering with his vision.

9AT1P 17-600-IA Training Memorandum 40-I8T(S) and 40-19T(S). 5).

Hq, 3rdArmored Division, FortKnox, Kentucky. 14 January 19iZ? Z'



In service firing, the Lacrilens and Dallos lens proved superior

tothe Fluid and Tuohy lenses. Powder fumnes proved irritating t, all JO all

2. Confidence course*

Thb confidence course, formerly known as the obstac!e *tacle
course. cousistei of a series of haaard@ which were meant to in- ts in-

corporate many cf the essentials of physical training. It included .uded
physical activity such as climbing, swinging, jumping, balancing, etc. etc.

1
DALLOS LENS:

Five subjects wearing the Dallos lens reportod the lenses to be So be

very satisfactory. No adverse effects were noted.

Y LUlW LENS:

Of six subjects tested, three reported no adverse effects. Two Two

reported amioying photophobia and one complained that stationary Mry

objects seemed to jump and move at times when thi subject was I was

experiencing excessive ac•tvity. No subject reported the appearance
of ai• bubbles as a result of this activity. F

LACRILENS:

Of six subjects tested, all had satisfactory reports.

TUOHY LENS;

Of sa" subjects tosted, two rcported no adverse effects, four four
complained c! .-&,.oying photophobia and general ocular discomfort. fort.
The lenses were not dislodged in any case.

SPECTACLES:

Oi f4ve subjects tested, no adverse effects were noted, however. ever,
special precautions were required to prevent dislodg•rent of spectacle tfcae
frames.

On the confidence course, the Dallos and Lacralens appeared to ad to
be superior isnce no adveruv effects were noted while wearing either ither
lens.

OATP 7-600-I. 7-701-1, 17-600-I. 17-601-I. 21-114. Traininq Inin

Memorandum #29T, R. B, L&Ii. Hq. 3rd Arrrortd []vx,,m Voxt Fort
Knox, Kentucky. £ December 1 %1.

37
S. . •; -- ==,• • •-•• ••' t •m :• '••a ,' • la• • 's .. •=A'-•I~



3. Browning automatic rifle known distance and tramsition lition
range 

firing*

Firing w~th the Browning Automatic Rifle was included .luded
in wc studieg to determine the effect of greater weapon recoil and &I and

rap.id fire.

DALLOS LENS:

Three subjects experienced no difficulty firing this weapon. One one

of these had some mucus firmation.

FLUID LENS:

The three s-bjects that fired had mixed reactions due primarily gtily

to photophobia and base. This was largely dependent upon the length ongth

of tane that the lenses were worn rather than the actual field test
itself.

LACRILENS:

Of five subjects tesed, none had any difficulty firing, but two
had moderate irritation caused by the lenses.

TUOHY i.ENS-

Four subjects all complainedof phtaphobia but had no symptoms ores
referable to the firing.

SPECTACLeS:

Four sublects had no difficulties.

There -eemed 'to be no difficultias attributable to the firing of

the Browning Automatic Rifle in either contact leases or spectacles. Its.

4. Hand-to-hand combat

Hand-to -hand combat was an exercise where the man Dan

was taughtoffensive &nd defensive maneuvers with the rifle and bayo-
net. The results reported here reflect those phases of this trainir,• inn

*ATP 7-600-1. Training Memorandum #31L and change #1. Hq. 3rd 3rd

Armored Division. Fort Knox. Kentucky. 7 February 1952.
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where the trainee learned the basic stances and positions used in I ir
bayonet fighting.

DALLOS, FLUID, AND LACRILENS:

To subjects with each of these lenses had no adverse comments. ats.

TOUHY LENS:

One of two subjects reported photophobia. while the other found )und
that on sudden whirling there was a momentary blurring of vision.

SPECTACLES:

One subject had no adverse comment.

This exercise was droppedfrom the -- ogram after the first series Ories
since it was felt that little knowledge was gained from the rather pther
passive activity of this portion of the training.

!

5. Individual tactical training (night)*

This was a company level night tactical training problem Ien
which necessitated movement through a wooded terrain to establish 1lish
advanced posts and a combat Une. Blank cartridges and carbine-
launched grenade flares were fired.

DALLOS LENS:

rive subje-.tt had no adverse comments.

FLUID L=15;

Of five subjects, two experienced little difficulty. Two complained eined
of difficulty in seeing, and of photophobia as a result of hasz. The The
fifth subject complained of a burning sensatiun.

LACRILENB:

Six subjects had no adverse comments.

ATP 7-600-1, 7-90-., 17-600-IA. 17-600,.IB. 17-601-1. ZI-114. 14.
Tra!nin¥ Memorandum 035B.O5C. 47A, 47C, ard change 0!. Hq. Hq.
3rd Armored Division. Fort Knox, Kentutky. 25 March 195Z.
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TUOHY LENS:

Six subjects had no adverse comments. One subject found that that
while ling prone, upward version of his eyes was difficult.

SIPECTACL Eo_--

No aAverb- comment was noted by the six subjects.

Most subjects did comparatively well on the problem, which was Was
inkeeping with the generalfijdAingu that subdued illumination and cool 1001
outside air added to the comfort of those wearing contact lenses. 06.
(1ase lowered the visual acuity of fluid Ions wearers. )

6. MI Rifle knownidlstance and assault and trantiton firing*

Known distance range firing of the U. S. rifle 30 caliber 4ber
M I included firing at fixed targets from the standing, kneeling squatting ýttixv
and prone positions.

The transition phase c! the training included firing the the
rifle at fleeting targets from behind various protective enclosures. red.
This required practice in all of the basic positions. In firing the the
assault~vange, the trainee walked up a path firing instantaneously at at
fleeting targets as hi mnoved.

DALLOS LENS:

Of five sutjects, three reported no difficulty. Two complained
that the air Lubblem in the lenses interfered somewhat -*ith their ber
ability to sigh' tUe rifle.

FLUID LENS-

All of six subjects experienced occasional burning nrdphoto- Pto-
Lea- Iwo-= no---ted- bubbl for..on- da-u ...... the exercisas. ses.

One found that corneal has* interfe-red with his ability to eight the . the
target; while two noted excessive mucus .eormecion.

OATP I-114, 7-600-1, 7-601-1. 17-601-1, Training Memorandum kduni
30L. H, R. and 4Z basic and chabge *1. Wq Id Arrr~i'ed Division. n
Fort Knox. Kentucky. 19 March 195Z.
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LACRIL.ENS:

Fuur of seven subjects experienced no difficulty. Three found

that eftvi blowing in thin eyes cat~xed photaphobia and discomfort.

TUOH~Y VFNS:

All but one of six subject# ex-perienced photophobia "n fientral

ocular discoa&1rnrt. One subject noted momentary fogging of his leaves

adtor firing, the same subject compisuied of occasional bubble for-

mation.

SPECTACLES:

Two of uix. subjects complained that their lancse become spottedDie

with oil during the f iring. A third subject bad di~liculty firing in the i h

rain; &notbsr experienced irritation :&used by sawl blowi~ng in his a his

,eyes- One comrplairwd that his spectacles were guncomfortaible 'when then

worri undesr his helmet. One had no difficulty.

The Dallos a"d Lacrileuoe agaiit proved to be more satisfactory tr

ini tWe test. Dumang incLetaunt weather. spectacles bad ani obvious

disadvantage. Haiaiig .t the fluid Ions caumed difficulty in sighting

upon a distant targest.

7. Tank arivinE (day andl night)

The*& exiercises were inclu.ded to ascertain if there would m~~

be. aydifficul~its einconte rwd *hit& driving. tanks and otheor vehicl'asacc

Jeepa. half-.tracks, and li~ght and rned&%Lrn t&aks were driven xvith and4 V %And

without t54x1Ice'3 protect~ive goggles.

DALLOS LZNS:

To five subjecte, dust proved to be a serious pre blerr Three 'bree

subjects foun~d it necessary to remove and clean their lensta. This I'Mis

mitud~tion %vat, alleviatedi whenl goggler wctc ~wcri.. ''lirh drii-- a'dd-A ad~ed

no significant problems.

*A 1-.QOi5 ,I-too-lA, 17.600.-Iht, TrainvlrigMzmrioanduu' 060P #60K

section 2 &ad 4. 13 November 1951I, ObO-A section# 3 and 4k, 22 ,z

Javuary 1952. #60-T section~s.Z awl6. 0D MAsy 19SZ. 4q. id Arn~pred

DIVtiaio. poet Muaox, Kenwuckv
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FLLUID LENS:

For mix oubjzzts. dust iaiaxn was a problem. One subject found Md
itncc;ý..aia c Wcu.u hl.; lenses. Wind caused a drying of the Icn gn.

surfai- which, resulted in irritation ind photophobia. Wherev t h.ze ZCe
aind hiaho wer,: present, night driving became hasardous. In one We
instnirce. the lensem prot4.cted the eyes from flying mud. Goggles lee
agaln helped atleviate some of the problemnw

LACRKI LENS:

F'ive of seven subicets had no marked reac.tion. althoughduat Ut
proved irritating, Two subjecs found t- at duet, exhaust furmes, and wd
jbrrizg aggravatcd the irritatic in their eyes. Night driving added ged
no further problenms awl goggle saelirninated some.

TUOHY LENS..

Six subjes foudduot very ir rittinag and they kll had to remove ove
the lenra-n %t one Utme or ,Aothcr dwulng the tristls. Goggles offered rtd
paxrtLal protectionfroa the dust. Exhaust fameas fron the tank added Wed
to Qie irrialr.iou.. One Lsjc-t had a leno dislodgtd by the jarring.
Night driving added no further precbleains.

SPECTACLES:

Of ssix wubjc'ts. fout repoired irrpaircrent of vision as a result oult
of mud splatterimS on tV r Itnses. XIs one cese. the frames were dis- lie-
lodgt• by the ;rring, Goggtle ftttd poorly over the eyectacles and
causrtl dis%,nv jort. This gaoglem did xiot form % perfect seal. a~nd
therefore dS., p, ýcjtg the eyet complqetely fro 'n the dust.

Dust prcsentcd the moijor problem. w.iile exhaust fume*. wind,
nud ar24 jarringl were other pertin.-:it !actors. Most of these were

alleviLatd by wearing dust protecit:re gntgl~e. Since .thvse could not not
be wo-en wttii cnfort oveT opectacles. A better conibiwition atc'erned cred
to tv contact lensci pluas qoagiew. He - ai. thir'D)]I-•. ,nd L_'cri.rra
with goggiee seemed to be upurior

,g's~ sl~w. ~ MLA~l~nr t~9:flI:~r4.i



8. Infiltration and close cornball$

The infiltration course pro.aded nental conditioning for ig for
comb&a by ceeping, crawling, and negotiating obstacles under fire. fire.
Thc -.. obb L.z.ce s i.,cl uded b&rbed wiro entanglenments wi i• live machine zhAum
gun fire dire:L'.y overhead. Ground detotiations in close &I-wrox- orcm -

imation were addet. obstacles.

The close combat course was a simulated attack zhrough •ough
rough te-rain which necessitated running, jumping, climbing, and , arid
crawling. Throughout the rourse there were a number of supposed wosed

enemy emplacements toward which the trainee directed M I rifle fire. fire.

DALLOS LENS:

Of five subjects tested, two had no difficulties. Three of five I five
experienced considerable irritation to their eyes from sand thrown wown
about by the detonations and it was necessary for two of them to re- re-
move their lenses before completing the course. One subject was was
undoubtedly protected by his lenses from probably serious injury to ry to
his corneawhenabarbedwire stxuck him in the eye. The concussion prion
from the detonations apparently had little effect.

FLUID LENS:

Two of six subject* reported no difficulty. Three were irritated tated
to varying deg•-e• by the send. Of theye, one found it necessary to ry to
remove his lenses. One complained of pho~ophobia. The concussion Ition

spi.arently ha., no effect and there was no bubble formation.

LACR;L=.:3

Five ot seven subjects had no .rritation or other difficulty. Two Two
found the sand irritating. Concussion had no effect.

Training Memorandum #S0 and change 0 1 6 May 19SZ, Hq 3o Armored ranted
Division, Fort KnoK, Kentucky.
SClose comLat: A";'? 21-i ION, 7-600. 7-601, 17-600, 17-b01, Train- rrain-
ing Memorandum #i, Hq Sd Armored Division, Fort Knox, Ken- Ken,-
tucky. I I June 19)1
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TUOHY LENS:

Twoof six subjects exprewsednodifficulty as a result of the test.
It was necessary for three subjects to remove their lenses dlie to
irrita*ion caused by sand. One subject reported that his lenses be-
came ..islodged wntie crawvling on his back under barbed wire. Con-
cussion apparentZ;.' had little effect.

SPECTAC LES:

O" the five subjects participating, only one reported no difficulty.
Three conmplained of impairrrent of vision caused by mud, dust, and
perspiration on the spectacles. One subject reported that his specta-
cles were dislodged by the barbed wire.

To all subjrcts wearing contact lenses, dust and sand proved to
be a great source of irritation. The ease with which the Tuohy lens
could be dislodged from the cornea again proved to be a disadvantage.
Spectacles, because of their relatively vulnerable position, were
easily soiled, dislodged, or broken under these conditions.

9. Combat in towns*

This exercise was intended to train the individual soldier
in the proper method of clearing a village, to fire accurately and
quickly at fleeting targets and to work efficiently as a part of a team
while surrounded b-, the noise and hazards of battle. This assault
might be considered as a culmination of the varied aspects of basic
training and included firing of ths MI rilL while exposed to machine
gun fire, dctona-ions, and smoke screens. The soldier had to ne-
gotiate a numbu - of physical hazards 'jy climbing, jumping, etc.

DALj, O3 L_.'NE

Of five subjects tested. three had no complaints. One subject
reported minor irritation fromn smoke and powder fume., and one,
experienced doubling of vision during detonaLiont.

FLUID LENS:

Two of five subjects had no difficulties; while three ei.perienced
burning and photophobia.

*ATP 7-600, 7-(001. 17-601), 17-O01. Training Memnorandumi #Z
L.H.T. Rand change 41, liq IdArmored Dtviaion, Fort Knox, Ken-
tucky. 22 June 195).
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LARILEkNS:

Twoof seven subjects reported nodifficulty. Two found .t neces- DCC*-
sary to remove their lenses because of irritation ca•aed by the smoke poke

1grenades. Two zubjects reported suroe photophobia and one corn- M
plained of haze.

;UOFhY LED,S:

One of s•xa subjeuts experienced no discomfort. Three had great geat

discomfort from smoke grenades. Of these one had to remove his his
lenses. The others complained of varying degrees of burning.

SPECTACLES:

Of fave aubjects, me had no referable complaints. Three com- mom-
plained of smearing of their glasses with perspiration, mud. dirt, and a.nd
water from the detonations. One complained of irritation from the the
smoke.r

Smoke grenades appeared to be a source of irritation to all k-all
subjects. Th' Dallas and Lacrilens again appearad to be more satias- S-
factor y. The danger of spotting, dislodgement and breakage of specta- -t-
clea under such conditions made them impractical.

10. Gas masks

Spectacles always have proven to be a problem when a nas
gat mask is worn because of the difficulty in obtaining an atmrospheric oric
seal over iha spectacle frame. Therefore. ifcontact leanse* could be d be

worn comfortabl~, in the gas mask instead of the special lens inserts krts
that are now required, the problem would be slmiplified.

DALLOS Lr.NS:

Only two oa nine subjects tested could comfortably wear the lenses woo
with the gas mask. Five experienced discomfort as the result of the the
nosepiece on the mask causing pressure on the lower lid. Another bar
complaint w-As that exhaled breath which .- ir,'-u!z.zd arind thwe eyvs Teo
caused irritation. The wearing time wan rather limited.

FLUID LENS:

Only two of mine subjectm were able to wear the fluid lens and I and
mask with comfort. The remaining seven subjects had considerable able
discomfort resulting from the pressure of the nosepiece of the mask sask
on the lower lid. Here aglain the w.aring time was rather limited ad.
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.W LACRILE.NS

Two of eleven suajecte were relatively comfortable with the the

Lacrilens and gas mask. Two reported slight burning. The remaisader oder

complained of burning and photophobia from pressure and heat. Only Only
short wuaring time was possible.

7UOHY I Z?ŽS:

Of ten subjects. ona reported relative comfort. The remainder Oder

'nomplained that the pressure from the mask asmi the exhaled breath oath

c&used irritation. The wearing time was limited.

SPECTACLES:

A tight meal of the gas mask over spectacles -was impossible.
There also waa conb~derable discomfortfrom pressure on the frame e. nes.
Special leas inserts are required in the masks for satisfactory use.

The same general complaint seemed to hold throughout these
tests, the nose piece of thQ gas mask caused pre ssure against the the

cheeks and lower lids, which in turn presmed against the lInse and and

cpaeed irritation. Exhaled air also proved irritatmg. Apparently I tlY
contact lens*s do not obviate the problem u1 the gas mask and the the

soldier with refractive error. It is quite probable however. that a it a

slight modificationa cd the ga,- maskwould alleviate the pressure against Mist

the lower lid, whichproved to be the chief source of irritation in the the

contact lens weares.

"" : ! I. Swimming

7his test was to deternine the effect on contact lens lens

wearers whi!e swimming, beini, submerged under water, and diving. WS.

DALLOS LENS:

Five of nuwe subjects reported no difficulty, Three complained

of t...... t h--.......e ..&= h, which. prau rsi eiy was due to the accumu- tau-

lation unde- the lens of water which was not isotonic with the tears. re.

This condition cleared shortly after leaving the water. One corn- In-

plained of slight photophobia.

FLUID LENS:

Six of the ten sabJects reported no adverse effectk. Several !&l

reported excellent ulsderwater vision. Three subjects complained of of

slighL burning and irritation, presumedly due it, the chlorime in the the

water. Ore complained of extreme photophohia and burning.
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LACRILENS:

Four subjec~ts out of ten had no complaints. Two reported transient flent

hasea halo. Four reported increased burning and irritation from wrom
the ctlorine.a

TUOHY LEIM•:i

Three of the ton subjects had no complaints. Five subjects corm-o-
plained of photophobia and three reported that the lenses were dis- dis-

placed after submersion with the eyes open. One complained of se- Be-

vere burning and tearing. No base or halo was noted.

SPECTACLES:

Spectacles are impractical for swimming for obvious reasons. •

The fluid leas seemingly proved the moat satisfactory in thiss

toot. Chlorinated water caused some general discomfort by irri- r-

tating the eyes. The disadvantag~e that became appar~ent in the vwnti- gn
lated Ions was !hbe appearance at hbase and halo. probably because of 18of
the accumiulation of water under the Ions. The dangor of displacement •nnt

and lose of the corn sL" lone was ever present. r

12. Kitchen police

The subjects performed the routine duty of Ititc:hen po- a po-
lice to de tormtine whothe r or nog thereo wouldi be adve r• e -*f*ec to while IWO~

working at stoves, steam tables and dish washing.

DAL L('* LENS:

Of five subjects, two experienced no difficulties. One reported orted
doubling of vision, another mucus formation, and the last frothing. •iZ4.

FLUID LENS:

Six subjects reported varying degseos of discomfort. Two found oucid
that steam caused burning and discomfort, while hase and chromatic Iatic
halo were annoying to three subjects. The sixth subject complained duned
of babbling &M that the surbces of the lenses dried thus causing irri-
tation.
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LACRILENS:

Of seven subjects, five reported no advarut, eftects. Two ex- e cx-
perienced burning and doubling of vision.

TUOHY L'?S;

Six subjects allfound thatheat and steam caused burning, tearing, ring,
&ad irritation.

SPECTACLES:

Of six subjects, all but one experienced spotting and fogging of gig of
his lenses in the presence of steam.

Contact lenses appeared to be superior to spectacles. although ough
heaatand steam did accentuate the irritation caused by contact lensem. was.

13. Guard dut

Tha men stood routine watch, two hours on and four hours ours
off. for twenty-four hours. They wore the lenses while on duty, but , but
were allowed to remove them if they so de sired when not stand ihg Aing
guard.

DALELOS LENS:

Five subjects had no serious complaints. Two eaperienced a led a
slight burning sensation in the eyes and one other complained of the ( the
formation of rr.ucus under his lenses.

FLUID LENS:

Six subjec s all reported increasing irritation caused by the re- i re-
pested insertion and removal of the lenses. One reported photophobia. obia.
The lenses were not worn long enough for c. -neat haze to become a mea
f(to,.

LACRILENS:

Of seven subjects, five reported no difficulty. One complained ,ined
of photophobia and one had irritation from the repeated re-insertion rtion
01 the lens.
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TUOHY LENS:

Six subjects were tested and of Lhese, four complained of in-
creasing irritation upon each successive re -insertion of the lenses. cal.

This wAs especiilly evident whenthe lene.- were inserted immediately liately

alter waking. G.-Ce complained of photophobia during the day, but was at was

comfortable duriag the night watch. One subject was comfortable in ble in

the cool outdoor air, but experienced difficulty upon entering heated Batted

buildings.

SPECTACLES:

Six subjects had no adverse comments.

Repeated insertion and removal of any contact lens caused irri-
tation to the wearers. This was less apparent with the Dallas and

Lacrilens. and more noticeable with the f luid and the Tuohy lens. pus.

Conuactlenses are not recommended for wear while sleeping as they ,wy

produce irritation and haaing of vision. Spectacles apparently are are

advantageous to the guard except under certain conditions of adverse $rse

weather such as rain, extreme cold, and snow.

14. Parachute jumpinX

Weariu& &parachute harmess, the subjects jumped from 0213

a thirty-four foot mock-up tower and experienced a free fall of ap- ap.

proximately twelve feet, after which their descent was broken with with

considerable force as the risers took up the slack in their harness. se.

They were the-. guided to earth by gradual descent on a cable (Z3).

DALLOS LENS:

There were no advcrse effacts noted by five subjects.

FLUID LENISI:

There were no adverse effects noted by six subjects. No air air

bubbles were produced by the jar.

LACRIL ENS:

No adverse effects were noted by six subjects. One subject. ct,

while removing the harness, was struck in the eye by a buckle, and- ind
*This test was performed through the cooperation of thc G.1 eti taif
section of the I1th Airborne Y),vis-ur- at Fort Campbell. Ketittukv Iy.
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noticed afterward when removing the lens that itwas cracked, This ý18
was ua•ubtedly tht result of the blow, and may have protected the the
eye from serious damage.

" JOHY LEI\S.

No adverse effects were noted by eight subjects. None of the
lenses were displaced from the cornea.

SPECTACLES. r

No adverse effects were noted by five subjects, although special
precautions had to be taken to prevent dislodgment of the spectacle
frame s.

No advcrse effects were noted with any of the contact lenses. No o
one lens appeared to be superior in this test. Special precautions
were required for spectacles.

IV. GENERAL DISCUSSION AND CONCLUSIONS r

A. Advantages of Contact Lenses

Judging from the studies conducted at this Laboratory. the fthe
performan•.• of coot.-ect Lenes was for the most part satasactory. y.
T e.• are.- 2,1,'i course. certain drawbacks and disadvantages, just as as
tihe;it * ith spectacles. It also ti apparent that there is wide varin-
a&os. iki performance of the difkercnt types of contact lenses.

Cozatct lenses offer numerous advantages over spectacles lee
to the militar,.. On of the soremost of these ts their performance in a in
inclement weather. Rain, snow. mud. etc. . whichmay interfere with sith
vision in those wearing spectacles, cessc to be a problem when contact , .t
lenses are worn. In extreme cold, spacta-le lenses often frost over, wor,
and steam up when passing from coldtowarm atmosphere. In extrrme sire
beat. spectacles become spotted with perspiration, but this doeri not maot
occur with cootact lenses. Most head gear ami sighting devices are are
so constructedthattheyare not completely adaptable to the individual
needs of the spectacle weiarer. The gap mask always has presented tied
&problem; special lens inserts are requ.ircd f,.r individuals requiring rang
visual correction. These prohlems are for the most part alleviated ited
ifcontact lenses are subetituted. However, the gifmeakinits preaJnt 'ent
confs,%uctioncannot be comfortably toleratrd tor exteridcd periods b, i by
most individuals wearing contact lens-s The mask creates an upward ard
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pressure on the lower lids which in turn press upon the contact pLict
lenses and creates ocular irritation. Modification of the construction fcuiW

of the gas mask might alleviate this problem.

The advantage of the contact lens in swimming ts obvious 1 Cu5
sine spectac::,s cannot be worn.

In field requirements, where the individual may undergo ex- ex-
treme physical activity, jolting, jarring, and exposure to varied ma- Uib•
terial obstacles, spectacles are at a disadvantage because of their !their

vulnerable position. They ax e easily dislodged and brokeiv. Contact Imict

lenses not only temper these problems, they also offer further pro- Pro-

tectiontothe eye. They also reduce the mental concern that the specta- ?Octa-

cle wearer naturally exhibits in the face of physical obstacles.

In the presence of bright light, there may be reflections from 1from

the anterior surface of spectacle lenses which may reveal hidmen po- po-
sitions to the enemy. This does not occur with contact lenses.

The protection that contact lenses offer to the eye cannot be ot be
over-ooked. Notonlydotheyprotectagainst foreign bodies and direct tirect
trauma. they also proffer varying degrees of protection against harmful rnfnul
radiation. This variation is dependent partly upon the material used used
in the fabrication of the contact lawies.

Visu&l&cuityincerta.iLpathologacal €conditions of the cornea, rnea.
such as keratoconus. irregular astign.Lism. etc. , is much greater oster
with contac: lenses than with spectacles since they essentially form a crm a

now corneal sul face.

The ,ibual limitations that spectacle frames create and the d the
aberratbons eals"i in high power lenses are eliminated when contact atiact

lenses are employed.

Generally ipeaking, the advantages offered by contact lenses nes
to the military are most pronounced for the field soldier.

B. Disadvantages of Contact Lenses

The most outstanding disadvantages of contact lenses at the it the

present time are the cost, the time, arnd the skill required for fitting. tting.
These lirnztations stem from the necessity for individual procesuing ising
that ';he current techniques -equire. It is anticipated that, in view -)fw of
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constant efforts of the manufacturers. techniqias will continuL .o to

improve with time. The time required for adaptation variee with the the

individual and the lens being worn.

The Pec-ssity for accessory fluids associated with contact nRt
lenses is anotwer problem. Although the newer types of fluhdleIs gas

lenses have eliminated the problem of contact lens fluid, a wetting ing

agent still is required with the plastic lens. Glass lenses do not inot

require the use of wetting agents. As plastic lenses are worn, they ?ley
become less difficult to wet. The solutions used of course should be be
keptrelatively stewile and both ihe lenses and hands of the individual
wearer must be clean at the time of insertion. This might preaent ant
a serious problem in the field. Although some fitters recommend ind
saliva as a wetting agent, the potential dangers of infection hardly ill
warrant its use.

Because of the small size of contact lenses, they are easily ily
lost, or might conceivably be misplaced by the individual seeking to I to
avoid zesponsibility. The plastic lens is relatively unbreakable, but but
the glass lIns n.ight easily be brokanin handling. There is relatively ely
little danger of breakage of the lenses while being worn, but if they hey
should be brokmn there might well be serious damage to the eye. The rhe
effects of ocular irritants are intensified when contact lenses are ire
worn. Irritating games. smoke. dust, and even light tend to produce ice
greater irritation than normal, especially if the lenses themselves '05

are at all unconmfor table.

While infections of the eye were rarely encountered duzrib uin
the enperinentdl trials reported here. contact lenses preselt a po- Fo-
teutiil m r~s ,.�. "..n.lar infectia-

Duplication of the lenses presents a variable problem that hat
depends upon the manufacturers technique.

These disadvantages are of varying! importance depending inI
mainly upon the type of lens and the situation that cculronts the in- in-
dividual. It mayr be said that contact lenses cannot be fitted to any Lny
individual whodoes not have motivation or i desire to wear th . !asses. Ice.

If this is 'acking. the individual may in innumerable ways foil the the
fitter, retard adaptation, and dispose of or mutilate the lenses. Thum ius
it may be hypothesi2.ed that many personnel might object to being ing

filted if as a result of adequate fitting they weic to be transferred red
from a relatively protected job to battlefield duty



C. Discussion of the Contact L.nsex Tested

When the four contact lenses that were studied in this ex- cx-
perin-,nt are com'jared, it becomes quite evident that the performance Lnce
of two was far si*•erior. Each lens has its own place and must be t be
considered for its relative value. There are instances -where one
leas alove may be superior to the others. but in the overs&" analysis jsie
of the results of the present trials, the Dallos and Lacrilens proved ived
superior.

1. Fluid1 lons

The advantages of the fluid lens are:

Relative case of fitting.
Short period of adaptation.

Less susceptible to external irritants.
Good while swimming.
Preferable with corneal pathology.
Relatively unbreakable.
Protects against foreign bodies.

Thie disadvantages of the fluid lens are-

The development of progressive corneal clouding Lng
and edema produce;

a. Hazy or fogged subjective vision.
b. Chromatic hal•c. -about lights.
c. Drop in visual acuity, marked.

d. Photophobia.
e. Increased dark adaptation period.
f. Development of entoptic field changes.
V. Limited practical .- 'earing time,

OnI• limited protection against radiation.
Requires contact lens fluid as well as a wetting agent. Mt.
Period of poor vision after removal.
Pla~tic becomes scratched after use.

It was felt that with the fluid lens the disadvantages es
far outweighld the advantages. t!,us making them of limited practical at
use,



Z. Corneal lens

Advantages of the Tuohy corneal lens are:

Relative ease of fitting and redupIication.
Relatively unbreakable-
Ra.se development of corneal clouding and edrma. b5.
Only solution necessary is wettinzg agent.
Exteznded wearing time when lensee comfortably
tolerated.
Corneal prr.tection from foreigu bodies.

Disadvantages of the Tuohy corneal lnts are::

Long period of adaptation required.
Jolts and Jars t•nd to displace the lens.
Small size lens is easily lost, especially 'while kit

swimming.
Left and right lens easily confused.
Ocular irritants result in exaggerated discomfort.
Produces frequent corneal injury which results in:

a. Drop in visual acuity.
b. Extreme photophobia.
c. Poor fusion.

imnits wearing time and individual efficiency.
Only limited protection agaiutbt radina•ion.
Plastic becomes scratched with use.
Produces lid irritation.

To evaluate the Tuohy corneal lens presents a difficult Scat

prolae•. Spi.,;c uLhe qiality of the fit may be the cause of the frequent que.t

corneal injury thxt was observed, it was decided to ignore this and s and

Juvý the U.iusA on its overall jperforniance. Th maere, fact that this 9 this

lens is so small and easily dislodged and lost makes it impractical for
general field use by the Armed Forces. The disadvantages seemed imed

to oumaih the advantages.

3. Lacrilens

Advantages of the Lacrilens are:

mnort portia of adaptation.
Good while owimming.
Relatively iubreakable.

i4



Rare development of corneal clouding and edema
On'y solution required is a wetting agent.
Dilficult to dislodge.

Extended *earing period with comfort.
Photophobia is not marked and vision is good.
llroectiou from foreign bodies.

Disadvantages of the Lacrilens are:

Long and difficult fitting period required.
Reduplicatiov difficult.

Ocular irritauts result in discomfort.
Plastic becomes scpatched with uew.
Only limited protecton against harmful radiation, a.

The main disadvagitages" of the Lacrilens involve the the
fitting of the lens. It is felt that in time and with coatinue l study. dY,
these will be overcome. Thus this lens, proved to be superior.

4. Dallos lens

Advantages of the Dallos lens are:

Shurt period of adaptation.
Good while swimming.
Rare development of corneal clouding and edema.
No solution is required.
Difficult to dislodge.
F.utend-td wearing period with comfort.
Photophobia is not marked and vision is good.
Good protection against most harmful radiation.
Retains polish of surfaces.

Easily reduplicated-
Protection from foreigrn bodies.

Disadvantages of the DaIlos lens are:

Easily broken.
Extremely long and difficult fitting period•.
Ocultr irritants result in discomfort.
Mucuo frequitly plugs vent.

The marinilsadvaintagea 0ot the liallos tens are the iit,.itg ;.ang

time and the ease with which the leno is brokenduringhandling. With Nith
these exceptions, the lens m,ist be considered superiur
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Tht over all perfornrianne of the Dallou and LAcrilena wao Wa
cinurrpipabke. The Lacrilene, whl~e its fictizrZ period was prolonge~d
took le-es time to fit Ufifn the Dallas. F~urthetrm:ore, the Laa..rilnasa, 0*
bcingw -,Iattic. is no~t *o easily braoaei. The Dallas leas an time oizherthr
hand, oueing rnsde oi glasxi, r.juircvi no wv:ttinj i and it is more bore

eisaily du&plicatad. While thig aclual construction of t~ie two lansaei %a Lo
qulLW differetnt, at is felt that the pziQ.p),e C1 fiUiUV~'Lhat Allo6wG for (Dr

4*ration Wi the coar ek and a- ceustaazi~t (low of lacrim~al fluid accounts
-for their asqieriortty. The Tuohy cornea~l lenas alo pewrm:Ls oxyge~n-
ation of the carnav and tear fl.ow but it h~a atI~ar qu"ltisti that suern
to make its overstl application limitvO As lIon& *a these principles

'I a&rc observaed. it is very likely that iii the future a simpler techiniquae
of ftiting m~y be dtvised. The Dallas tonis migh~t #4aaalyV be fitted in i
plastic as in J1oao by Sarwar at Oxford. England (24). If a finely IslY
fitted plawtic lens c,:tuld be coated with silicon. many ad2vantages might ih
tic accrued. Tho relative fr.idown from breakage of plastic wouldb beb
rntainied while scrmtching would be reduced. T~ae wetting agent would d
be elsmiirated and ý. somewhat greater protection against harzmful u
rays ri~gt Loe poshiibl*.

Since t.;icb a process to not yet availabir. it is difficult qi
to clais- euperiavi~y ior e~ither plastis. or glass. In view of ali the b
&cscumnu)ated ievidence, tht type of' toutact leas best suited to general tWal
miilitar, application 16 a cortfo tusbly fitted. vented, corneal -scNe!aI ta
lona, * kth prov ideo efi-r carnael an railon and for a co~ntinual tear flow. fW.

5. Sý-T.r-a~clcs

In h.e diisc;.s..aon cvf spectacles and co~aka leitsac pre- re-
eeteltd ?.wreiyi, .-9phisis its pX*,c~d upon the Fproblorns of the military r
rathex than Uhose of Lhe civuiah.. F~or example. breakage of lenses fts
on the bsstt~letiel wc.uld prese~nt a maajor problem sinod the nearest . Ot
navailkhle repair ox repi eni~rnint may be mnany milesekway. The cos- oD
me'tic factor of contact Icnsao bab not been discua.jitd becaujie it is
not a pcibit of nmjor mL11tarV concern. Consequently in hixting the t

advanut;a4n d sidvn.me av'e -petacle v . the priAL'- ma-liefci i
soldier are of prime importance.

The advu&-.*.4jes of -wpectaclem aer:

Retatiwe l..'cost.
Marny trainsed fittcro available.

5b
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Protection against harmful radiatic a with in the lim~itL it

of their extent 's oflered.
Short pe riod of ada~ptation.
Do :not var-y the effect oC ocular irritants.
flo not cause photophobia.
4oc developmnent of corneal c0ouciing or edenia.

Dc &AAU require accesaory aolsflioaa~s,
T~here is no linit upon wearisin time.
Partial foreign body protection.

Disadvantages cl spectacles unrt:

Imnpract~ical winl. a 'vxcnrning.
Eariasces may be scratched duz to exrposed, pcosition. on.
May bedisludged whea im~ijvadual is jarred or jolted. 9d
Easi~y b~roken.

ligin m.be4 poor iv raiin, anow, roud. etc.
Tead to iru~t over in the cold and steawz Lip upon

unteriag a warsn, aLmus~here.
Perbpitiatioa tends. to upow the tensmes in extnn',es oi
he itt.
Most kwaddj~tar is not maide to accowr.aodiate specta- a
cadS. thazetcrit they CaUseC discom1fort.
Maniy akghtilg devices do nopt prvsde kor efficient uwn Soo

Towa t ret a mentAl bý'ock while vrityugei on active v
duty,
Dansierr of ocular injury whzen broken.
I4tetICCa light poSsiblyrvelnpotlw
Gas masksa require special inuert*.

Anwbc ofrrracveconditiuns are not adequately y
corrected by spectacles.

V. SUMMARY

A cowiparative Lqtudv of [our types nf contact lenirea and spectacles Ace
~~5;aai~.tc toidttr- mnonr. rne rcatatrit. of each aEMi tirA: Possible

applica-tion for these asesat in the Armed Forces. Ten selected en- en-
l1&twd men 'ocre fitte-d by protrs*ýona1 fitters with eatch of the f~ur MAW

lc'&sors and Teiats were conducted bath in Chet laboratory and int the Iteld. old.

"hi tL4 studies carriizd out at ghiv Iaboratary, the fluzdlras, veriti- rt
laued lens proved far a,ýcrzor Lucither the flWd or corneal! typti Tb'- rhe
plastic lenh offers greater proterction of .Iiae eye stiace it is not amsa
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easily birik~en. The greatest disadvantage to plastic sterns from its
poor wetting propertiea.

The cost of contact lenses ar'd the time required for fitting limit
their apialisation ir. the Armed Forces. While they are in many w~ays
superior tospectuctws. the limitations do outweigh the advantages for
the average servicemian. lit view of the many advantage, and disad-
vanatage& of spectacles, no blanket approval or disapproval of contact
lenses may be unade. In the many cases of clerical and routine duty
where neither opectaclea nor contact lensec show to particular ad-
vantage~, spe taar.ca must be co-isidered superior. It is apparent that
contact lenus-- prurc to be vapericor in many phase* of the study as
conducted toy this Larborat~iry.

V1. RECOMMEND)ATIONS

A.. Study should be encouraged to improve the fitting technique
and thereby sirplify it ,nud reduce the time required.

B_ A techni-qu* for hardening or coating plastic with silicon or
likce saut~stanc~e to eliminale the necessity for wetting agents would be
oPi terendoux value mrind =tudiesaalong these lines should be encouraged.

C, The number of individuals skilled in the techsuqu. (AL fitting
the naewer types ofcon~.act lenses is extremely limited. and if the Army
accepts th'tm. a limited number~ of long term personx~el should be
schooled to dlu Use fittings. Should thedemaand incremse, 'these trained
individu~als could serve as a mPueleus for the training of additional

ItterVS.

1). Contact lenses con be recommended for:

1. Personnel who are t~trene ly valuable to the Armed F~orces
beca-sme of thtir vkill, training, ~and experiern e &Md %whose vikbual acuity.
with the usual visual aids. to not adequate to meet the requirements
but may -se, with con.Lact lenses. Such eye conditiono as high myopia,
high astigmatism, irregular astigmatism,. corneal icuk-rata,
conus, aphakia, etc. , am~ frequently adequately correctrd 'with contact
lenses.

2. Another group K niaght 1be reiained or rnade available
on the baui- of adi~quate , orrectta~nb~y contact lenses but are otherwise
lost to the services are those with tnjuries to the face and leir that
result in lagophthatnims. ec tropian. cornea' rxposure. c-tc

Mw.



3. Personnel requiring visual correctionwhoi field efficiency ;icncy
might be enhanced greatly if contact lenses were substituted for spec ta- Recta-
"cles. Due to the aforementioned limitations of contact lenses, theey tey
should be restricted to outstanding individuals or situations such axs ch as
Arcti;. luty, diveT a, "Frogmen". etc.
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